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ABARE Australian Bureau of Agricultural and 
Resource Economics 
ADF acid detergent fibre 
AIA amylase inhibitor activity 
AME apparent metabolisable energy 
ANF anti-nutritional factor, anti-nutrient 
Cond condensed (tannins) 
CTIA chymotrypsin inhibitor activity 
cys cyst(e)ine 
DE digestible energy 
dilut dilution (in lectin assays) 
OM dry matter 
GE gross energy 
!OF insoluble dietary fibre 
ME metabolisable energy 
met methionine 
MJ megajoule (equivalent to 238.8 kcal) 
N nitrogen 
n.a. not available 
n.d. not detected 
NDF neutral detergent fibre 
No. number (of) 
NSP non-starch polysaccharide 
phe phenylalanine 
SDF soluble dietary fibre 
ssp. subspecies (of plants) 
TDF total dietary fibre 
TIA trypsin inhibitor activity 
tyr tyrosine 
> greater than 
< less than 
The following abbreviations, acronyms and symbols are 
used in this handbook: 
We thank Robert van Barneveld, Bob Hughes, Kadambot 
Siddique, Bevan Buirchell and Duncan Peter for kindly 
reviewing our commentary. 
We are grateful for the financial support given to the 
project by the Grain Research and Development 
Corporation. This support has now extended to a national 
pulse (grain legume) quality project, which is extending 
the current work into measurements for food quality. 
The GRAILE database from which this information was 
prepared contains records for some 70 species of pulses 
being grown commercially and experimentally. 
For the major species the data in the text and the 
appendix are for commercial crops; these are either 
representative samples of grain from receival points, 
farms or purchased from traders for use in experiments, 
or cultivar/variety trials conducted as part of national 
breeding programs aimed at improving the quality of the 
Grain legumes are the harvested seed of leguminous crops, 
typically peas, beans and their close relatives within the 
Fabaceae. Another term for many of these crops is pulses. 
In Australia, generally grain legumes are referred to as 
pulses. The term pulse is derived from the Latin puls 
meaning that the seed or grain can be made into a thick 
soup or pottage. The term pulse is most commonly 
associated with the food legumes whereas grain legumes 
are mostly associated with the feed industry. The terms 
are interchangeable, but with few exceptions (notably 
chickpeas, lentils and mung beans) the majority of the 
crops are used for animal feed. Both soybeans and peanuts 
are leguminous plants, however they are traditionally 
regarded as oilseed crops, and will not be discussed here. 
The information contained in this handbook was provided 
by chemists and nutritionists from educational, research, 
statutory and private organisations throughout Australia. 
Through the generous help of these people we have been 
able to document over 20,000 records (sets of analytical 
or nutritive data for a single sample) on the ten most 
important species of pulses grown in Australia, and over 
2500 on other species. 
In collating these data all of the information received has 
been given the same status. A value for seed harvested 
from a variety trial site has the same weighting as that 
for a sample representative of a farm or a grain receival 
point within a State. 
We have taken all possible care to verify what may appear 
to be anomalous data but in order to exclude possible 
anomalies the values reported are here for the inner 90 per 
cent of the data received. However, the differences in 
methodologies used and manner of reporting results mean 
that no guarantee can be given for the accuracy of the 
information. The number column in each table gives the 
total number of assays from which the data were derived. 
The data are presented on an 'as received' basis and we 
have provided typical data for the moisture content of the 
various pulses. Protein values are given on the basis of 
N x 6.25 because that is traditional for animal 
nutritionists. The conversion figure for most pulses is 
between 5.3 and 5.9. Values for nutrients are given in 
units/kg wherever possible. 
Amino acid values are given as g/16 g N in the tables 
within the text while in the appendix values are also given 
for the average content of the amino acids as a percentage 
of the whole seed. 
and Explanations 
Introductory Notes 
crops. Other data are held in the database for reference 
purposes. For many species the data available are too few 
to justify discussion and they are included in the final 
section of the handbook. Some data are held for peanuts 
(groundnuts), soybeans and their meals, but are not 
included in the handbook. 
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Source: ABARE, GRDC. 
WA SA Vic NSW Qld Tas Total Aust 
Lupin 1,229.0 72.0 17.1 110.0 - 1.6 1,429.7 
- --- - 
Field pea 28.0 208.0 205.0 23.0 - 1.2 465.2 
--- ------ - ------ --- - --- -- --~- 
Chickpea 25.0 15.0 170.0 40.0 8.0 - 258.0 - ------ ------ ----- - - -- 
Faba bean 24.0 34.0 40.0 21.0 - - 119.0 ---- -· ----- --- -- ---- - -- 
Mung bean - - - 8.0 8.0 - 16.0 --- - 
Navy bean - - - 0.1 8.0 - 8.1 
--- -- -- 
Vetch 0.8 20.0 12.0 7.5 - - 40.3 
-- --- -~~~--- --- --- -- -- --- 
Lentil - 1.7 15.0 - - - 16.7 
---- - ---- - --- - ------- - 
Peanut 0.1 - - 2.5 40.0 - 42.6 
--- ------- ---- - -- ---- -- --- - 
State Total 1,306.9 350.7 459.1 212.1 64.0 2.8 2,395.6 
The mission of Pulse Australia is to facilitate and support 
the Australian pulse industry to achieve a $1 billion pulse 
industry by the year 2005 that is sustainable and profitable 
for all sectors. 
AIMS AND OBJECTIVES OF PULSE AUSTRALIA 
In April 1994 the Grains Council of Australia's (GCA) 
Strategic Planning Unit commissioned a study which 
resulted in the development of an Australian Grain 
Legumes Industry Strategic Plan. The major outcome of 
the strategic plan was the formation of Pulse Australia, 
a non-statutory incorporated body. 
PULSE AUSTRALIA 
Industry structure 
compound feeds. High digestible energy and protein 
contents means they compete favourably with other 
protein sources in rations for pigs and poultry. 
• The introduction of levies to complement traditional 
funding sources to support long-term research and 
development, and extension programs in crop breeding 
and agronomy. This started with establishment of the 
Grain Legume Research Council in 1985, a role now 
filled by the Grains Research and Development 
Corporation. 
Increased sowings of both existing and new species are 
expected over the next 10-20 years. 
The major benefits of using pulses in the farming system 
include: 
• a break in the disease cycle for cereal crops; 
• replenishment of soil nitrogen reserves; 
• increasing the yield and protein content of the 
subsequent cereal crop; 
• a highly valued grain supplement for use on-farm; 
• a useful summer fodder from the residual crop stubble 
and seed; and 
• spreading the risk for the farmer (commodity prices 
and seasonal variation in production). 
TABLE 1(a) 
Production of Pulses by State for 1995/96 ('000 tonnes) 
Factors that have contributed to this increased 
production include: 
• Wheat quotas in the 1970s accentuated the need to 
find alternative crops. There was also a need for 
improved rotation systems to add inexpensive nitrogen 
to the soil. In Western Australia the need for crops 
suitable for acid, sandy and gravel soils was largely met 
by the development of low-alkaloid varieties of lupins. 
• Increased emphasis on premium-based payments for 
wheat protein content and a trend towards greater 
cropping in farming systems has led to more legume 
cropping than before. 
• Intensive rotation practices using cereals, legumes and 
oilseeds over a wide range of environments and soil 
types necessitated a variety of legume crops being 
available for farmers. Fast-tracking of breeding 
programs to fulfil these needs has offered a wide 
choice of crops for these different circumstances. 
• European Union incentives for the domestic 
consumption of pulses have allowed imports of 
nearly one million tonnes of pulses for the 
compound feed industry. 
• The Indian Government policy of increasing wheat 
and oilseed production has pushed the fanning of 
chickpeas, the major pulse crop, into marginal areas. 
To stabilise domestic prices, imports of pulses are 
allowed under a licensing scheme. Imports of field 
peas and chickpeas from Australia have increased. 
• The domestic stockfeed industry uses pulses in 
Production 
The production of pulses in Australia has increased about 
30-fold in the past 20 years. In 1973/74 production was 
63,000 tonnes, consisting of 39,000 tonnes of field peas and 
24,000 tonnes of lupins. In 1988/89 production stood at 
1.62 million tonnes, worth $368m. Lupins had become the 
major crop and there was an increase in diversity with 
chickpeas and faba beans coming into production. Since 
then there have been further increases in the total tonnage 
and the range of crops grown (Table 1). The 1996/97 crop 
was estimated to be 2.4 million tonnes, worth $699m. 
The Australian Pulse Industry 
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An international promotional campaign to ensure that full 
potential benefits flow back to the industry would be a 
basic part of the design of the program. This campaign 
would be targeted at our customers to inform them of the 
importance and meaning behind the industry trademark. 
Critical to the design is the capacity of the system to 
financially reward those participants complying with 
the codes of practice that ensures longer term gains 
for the industry. 
The program would be implemented in stages in an 
achievable manner with progress reviews on a regular 
basis. A complementary promotion program will be a basic 
part of the implementation informing all sections of the 
industry of the benefits and progress of the system. 
Pulse Australia aims to develop an integrated quality 
management program for the Australian pulse industry 
thereby increasing the demand and production of 
enviromentally sustainable quality Australian pulses. 
The objectives are: 
1. To obtain a competitive market advantage resulting in 
an increased share of higher value sectors of existing 
markets and the development of new markets for 
quality Australian pulses. 
2. To add value to the production of quality Australian 
pulses through product differentiation. 
3. To facilitate efficiencies in the production chain with 
improved consistency and uniformity of product 
achieved by adopting uniform standards and practices. 
4. To improve communications throughout the 
industry and develop stronger links with the end 
users and consumers. 
QUALITY ASSURANCE IN THE PULSE INDUSTRY 
Some performance objectives of Pulse Australia are: 
• to reach minimum funding of $1 million in the first 
3-5 years of operation; 
• by the year 2005, Pulse Australia Limited should turn 
over close to $10 million in total revenues; 
• increase marketing expenditure by 5% per year; and 
• increase production to 4 million tonnes by the year 2005. 
The aim of Pulse Australia is to achieve the industry 
vision of: 
• being an important part of the agrifood industry; 
• being customer focused, providing the products the 
customer wants; 
• cost-effective bulk feeds and superior specialist foods; 
• a clean/green image, quality service and delivery; 
• seeing profitable pulses in all farm rotations; and 
• providing leadership, coordination and recognition 
for the industry through Pulse Australia. 
Source: ABARE, GRDC. 
WA SA Vic NSW Qld Tas Total 
Lupin 869 54 36 76 - 1 1,036 
Field pea 26 163 205 36 - 1 431 
Chickpea 5 11 71 33 29 - 149 
----- 
Faba bean 5 34 27 15 - - 81 
Mung bean - - - 5 12 - 17 -----·- ------- ---------- --- 
Navy bean - - - - 5 - 5 
Vetch 1 14 9 2 - - 26 
Lentils - 1 2 - - - 3 
- ------ --- -- -- 
Peanuts 1 - - 1 31 - 33 
Cowpeas - - - 3 1 - 4 
------- -- 
State Total 907 277 350 171 78 2 1,785 
TABLE 1(b) 
Production of Pulses by State over 9 Year Average Period 1986/87 to 1996/97 ('000 tonnes) 
5. To develop a higher profile for Australian pulses, to 
attract farmers to increase production, and to increase 
consumption through greater consumer awareness. 
6. To develop brand and trademarks for Australian 
quality pulses and provide recognition of accreditation 
within Pulse Australia's quality assurance program. 
7. To provide the industry with the means to monitor 
performance against internationally recognised 
benchmarks. 
8. To assist the industry to achieve the goals outlined in 
the 1995 Grain Legume Strategic Plan. 
The Australian pulse industry quality assurance program 
is to be designed in such a way that it compliments 
other programs already in use or being developed, 
thereby avoiding duplication. 
The system will incorporate the capacity to compliment 
other sections of the industry that have already achieved 
accreditation in internationally recognised quality 
assurance programs and leave room for the development 
of other grains industry quality assurance requirements. 
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TABLE 2. 
Nutrient values of major Australian pulses per kilogram of seedt 
Nutrient Faba beans Lupins Lupins Field Soybean 
(al bus) (narrow-leafed) peas meal 
Crude protein (N x 6.25), g 243 361 322 230 440 
Total lysine, g 15.0 15.2 15.0 15.6 28 ----- 
Available lysine, pigs, g* 12.9 10.2 10.4 14.3 24.9 --- ---- - 
Available lysine, poultry, g* 12.9 13.7 13.5 14.2 25.5 
Total sulphur amino acids, g 5.3 7.1 7.0 5.7 12.5 
Total tryptophan, g 1.6 4.2 4.1 2.1 5.2 
Crude fat, g 12 91 58 11 8 
GE(MJ) 16.8 19.6 18.1 16.8 
DE, pigs (MJ) 14.5 16.9 14.6 14.5 14.5 
ME, cattle (MJ) 13.4 11.9 12.0 11.7 13.7 
ME, sheep (MJ) 11.5 12.5 12.2 12.0 13.7 
AME, poultry (MJ) 11.2 13.2 10.7 11.5 10.7 
Total calcium, g 1.2 2.0 2.2 0.9 4.0 
Total phosphorus, g 4.4 3.6 3.0 3.9 6.0 
Total sulphur, g 1.3 2.4 2.3 1.8 
Crude fibre, g 84.1 102.7 148.9 58.4 
ADF, g 72 143 197 85.1 110 
NDF, g 104 172 227 128.7 130 
Lignin, g 7.2 6.5 7.0 10.1 7.0 
Starch, g < 10 < 10 420 
t Values supplied by various contributors to the database. . Reported values vary widely. Conservative values are given here . 
Further details for these and other pulses are given in the 
following pages, together with a discussion of their feeding 
value for ruminants, non-ruminants and in some cases, 
humans. Any detrimental factors are discussed together 
with their present uses and commercial potential. 
The nutrient levels for four of the main pulses used in 
Australia are summarised in Table 2, together with data 
for soybean meal for benchmarking. 
In formulated feeds the amino acid profile of the pulses 
generally complements that of cereal grains, and only 
small amounts of limiting amino acids, usually lysine and 
sometimes methionine, need to be added or drawn from 
alternative protein sources to give a balanced diet. 
Pulses are generally valued as stockfeed because they have 
a high protein and energy content, are highly digestible 
and are very palatable. In most cases these grains form 
part of a complete ration. The heat generated during 
pelletising is sufficient to destroy most of the 
proteinaceous anti-nutritional factors. 
The Nutritive Value of Pulses
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The protein is of reasonable quality, it can be used without 
pre-treatment, and it has a high digestibility in all species. 
In pigs the availability of lysine seems to be low (Table 2). 
It may be influenced by the energy source in the diet. 
Protein content and quality 
The crude protein content of bulk supplies of lupins is 
generally constant at 30--32 per cent. 
The oil contains about 35 per cent mono-unsaturated fatty 
acids (nearly all as oleic acid), 45 per cent polyunsaturated 
fatty acids (37 per cent linoleic, 6 per cent linolenic, 
2 per cent others) and 2 per cent sterols. Tests have shown 
the oil to be stable for long periods. 
Non-ruminant animals on the other hand lack the enzymes 
able to digest the complex carbohydrates in the stomach 
and small intestine. Unless there is fermentation in the 
lower tract (for example in horses and pigs) the digestibility 
of energy from lupin seed in these species is much lower. 
Even where substantial fermentation in the lower tract 
does occur, the net energy yield from lupins is lower than 
for feeds which are largely digested in the upper tract. 
Furthermore there is evidence in pigs that this value may 
be influenced by other components of the diet. Results 
from a recent study gave the DE of whole seed for pigs at 
15.8 MJ/kg, and for kernels at 16.9 MJ/kg. These are higher 
than earlier reports, and the difference could be attributed 
to finer grinding of the meal. It may be more economical 
to use a finer grind of whole seed than to dehull. 
Mean Range Number 
GE 18.4 18.1 - 18.6 7 ---- 
DE Pigs 14.6 12.0-17.0 9 
ME Cattle 12.0 12.0- 12.0 2 
ME Sheep 12.2 10.0-13.0 10 
AME Poultry 10.4 10.0-10.7 2 
TABLE 4. 
Energy values of Australian sweet lupins (MJ/kg) 
Energy content 
All components of the ASL seed are readily digested by 
ruminant animals, whose resident microbial populations 
produce the enzymes required to degrade both the soluble 
and insoluble complex carbohydrates that make up the 
seed coat and cell wall fraction of the cotyledon, as well 
as the simpler oligo-saccharides. A big advantage of lupins 
is that ruminants do not normally need a period of 
introduction to avoid acidosis. Furthermore, the content 
of lignin, the compound which usually limits the digestion 
of fibre, is very low ( < 1 per cent) and so the overall 
digestibility of lupin seed is high, about 90 per cent. 
This high digestibility combined with the moderate oil 
content of lupins, results in an estimated metabolisable 
energy value (in vivo) of 13 MJ/kg which is higher than 
for most cereal grains. 
Recent studies in Europe have indicated a 'true net 
energy value of lupins' at 10 MJ/kg for pigs. 
Mean Range Number 
Dry matter 911 896-930 908 
Protein 320 272-372 3782 
---- ----- 
Ash 27 23-32 180 - - - - 
Fat 59 49- 70 1023 
--- 
Fibre 154 117-237 180 
ADF 197 160-236 190 
NDF 235 195 - 288 183 
Lignin 9 4-19 111 
Weight(mg) 144 114-218 1045 
TABLE 3. 
Nutrient composition of Australian sweet lupins 
(g/kg as received) 
Australian sweet lupins (ASL) are now widely accepted as a 
supplement for ruminants because they are high in available 
energy and protein and have advantages in handling, storing 
and feeding. They are particularly used to feed sheep in times 
of pasture shortage. They are also widely used in pig and 
poultry nutrition where they are valued for their consistent 
quality and low content of anti-nutritional factors. 
Lupinus angustifolius, Narrow-leafed lupin 
Australian Sweet Lupin 
There are a few documented reports of lupinosis from 
feeding seed but it has been shown that the phomopsins, 
the toxins produced by the fungus, are present only in 
discoloured seeds with heavily discoloured seeds being the 
Lupinosis, a liver disease caused by ingestions of toxins 
produced by the fungus Diaporthe toxica, formerly named 
Phomopsis leptostro111ifon11is, has been prevalent in 
Western Australian lupin crops for many years but has 
generally only been associated with ingestion of infected 
stems (stubble) or leaves. 
There is no evidence of other toxic or inhibitory 
substances which are often found in unprocessed plant 
protein sources. 
• Sum of raffinose, stachyose and verbascose. 
Factor Units Mean Range Number 
Alkaloids % 0.02 < 0.1-0.04 1316 
Oligosaccharides* % 4.07 2.90-5.20 202 
Phytate % 0.50 0.32-0.84 254 
Saponins mg/kg 573 442- 740 11 
Tannins (Total) % 0.29 0.19 - 0.51 208 
Tannins (Cond) % 0.01 n.d. -0.11 236 
- 
TIA mg/g 0.12 0.05-0.24 148 
CTIA mg/g 0.08 n.d. -0.59 8 
Lectins dilut n.d. 28 
TABLE 7. 
Anti-nutritional factors in Australian sweet lupins 
Lupins contain low levels of several common 
anti-nutrients (Table 7) and unlike whole soybeans and 
most other pulses do not require heat treatment 
to destroy the lectins and protease inhibitors which can 
reduce protein digestion and availability. 
Anti-nutritional factors and toxins 
There have been very few reports of detrimental effects 
of feeding lupins to livestock. 
TABLE 6. 
Mineral content of Australian sweet lupins 
(per kg as received) 
Mineral Mean Range Number 
g 
Calcium 2.2 1.5-2.9 623 
Magnesium 1.6 1.1 - 2.0 524 
Phosphorus 3.0 2.1-4.3 846 
Potassium 8.0 6.6- 9.1 614 
Sodium 0.4 0.3 - 1.1 422 
Sulphur 2.3 1.5- 2.9 611 
mg 
Copper 4.7 2.5-6.8 547 
Iron 68.5 31.0-150.0 535 
Manganese 19.0 6.7 - 76.0 584 
Molybdenum __ 1.6 0.7 - 2.9 41 
Zinc 34.1 24.7-45.0 551 
µg 
Cobalt 78 10- 260 56 
Selenium 89 18 - 240 138 
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L. angustifolius is not an accumulator of heavy metals. 
Of over 300 samples tested from a wide range of growing 
conditions none exceeded the proposed Codex Alimentarius 
limit ofO.l mg/kg for cadmium or 2.0 mg/kg for lead. 
Concentrations of cobalt, copper and zinc are often below 
animal requirements and they should be included in any 
mineral supplement used in conjunction with lupin 
feeding. Selenium varies with soil type and rainfall, and 
supplementation may be advisable in some circumstances. 
The ratio of nitrogen to sulphur (22 to 1) is higher than 
the average values for grasses (14 to 1) and pasture 
legumes ( 17 to 1) and this may be undesirable for sheep. 
Some experiments have shown a positive response in 
wool growth by weaners when a mineral supplement 
including sulphur was supplied. 
Mineral content 
The variability in samples from throughout Australia is 
low for most of the major elements. However the content 
of sodium is variable, depending on soil type, and 
supplementation with salt may be advisable in situations 
where the lupins are used for grazing animals over a long 
period with poor quality roughages. Phosphate levels are 
acceptable but calcium may be low, although evidence of 
a response to supplementary calcium is limited. 
For pigs and poultry lupins require supplementation with 
free lysine and methionine or to be used with a protein 
source rich in these amino acids. 
In ruminant animals the composition of the protein is 
of less importance although the content of methionine 
may be limiting for wool production in sheep and milk 
production in high producing dairy cows. However a high 
proportion of dietary protein is undegraded in the rumen 
and can increase the overall nutritive value of the feed. 
In narrow-leafed lupins up to one-third of the protein is 
undegraded in the rumen and much of the response to 
lupin seed supplements in sheep and cattle reproduction 
has been attributed to this undegraded portion. 
TABLE 5. 
Essential amino acid content of Australian sweet lupins 
(g/16 g N) 
Amino acid Mean Range Number 
Arginine 11.62 10.60- 12.90 116 
Histidine 2.57 2.12-2.86 118 
lsoleucine 3.91 3.57 - 4.41 118 
Leucine 6.90 5.91 - 7.40 118 
Lysine 4.75 4.22 - 5.19 118 
----- 
Methionine 0.66 0.49- 0.82 113 
Phenylalanine 3.85 3.17-4.17 113 
Threonine 3.54 3.00-3.82 118 
Tryptophan 1.00 0.56-1.16 17 
- ---- ----- 
Valine 3.78 3.17-4.23 118 
Cys+Met 2.01 1.50- 2.45 113 
Tyr+Phe 7.55 6.33-8.07 86 
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The green immature seed has a similar taste and texture 
to those of green peas. 
Adding 5-20 per cent lupin flour to wheat flours will give 
products similar to the full wheat product (breads, pastas, 
biscuits, etc.) but with an improved nutritional value. 
The lupin flour addition tends to extend the shelf-life 
and imparts a golden colour. 
Lupin seed can be fermented to produce high quality 
tempe, a traditional Indonesian food, and miso and natto, 
traditional Japanese foods. Other uses for lupins include as 
a snack food base, and in the production of dietary fibre, 
protein concentrates, and fermented sauces. 
Lupin sprouts are available commercially in Australia. 
They are usually thicker and longer than bean sprouts 
and can be used as a salad vegetable, in stir-fries or for 
pickling. The content of alkaloids and phytate is further 
reduced by germination. 
Lupins for human consumption 
In nutritive terms lupin seed could be an attractive 
alternative to dry beans and soya beans which are 
presently the major legume seed for human consumption. 
The protein and oil in lupin seeds are more readily 
digested, there is a lower content of phvrate which can 
reduce the availability of dietary calcium and zinc, fewer 
protease inhibitors and a negligible content of lectins. 
Lupin seed has a high content of the dietary fibre 
component which is typically associated with 
cholesterol-lowering activities. Feeding studies with rats 
have consistently shown a lowering of plasma cholesterol. 
In human studies the fibre showed characteristics of 
both soluble and insoluble dietary fibre. 
Potassium 6.8 4.6-8.5 15 ------- ---- 
Sulphur 2.5 2.1 -3.0 15 
GE (MJ/kg) 18.9 1 
DE Pigs (MJ/kg) 16.3 15.0 - 18.0 3 
Phosphorus --~--3.30 - 7.10 ~-- 
19 0.5-1.3 1.0 Calcium 
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TABLE 8. 
Nutrient composition of kernels from Australian sweet 
lupins (g/kg as received) 
Analytical data for lupin kernels are shown in Table 8. 
Too few data are available to define relationships 
between kernel amino acids and kernel, or whole seed, 
total nitrogen or crude protein values. 
Commercial pig growers have successfully used up to 
30 per cent whole lupin seed in pig rations. It is often not 
economical to dehull lupins to enhance their feed value. 
While the digestible energy is comparable to other legumes, 
commercial feed formulators tend to discount this by 1 to 
1.5 MJ because so much of the carboyhydrate is fermented 
in the hind gut, and the energy is not fully available. 
Poultry rations normally contain less than 10 per cent 
lupins, frequently kernels, because of the problem of 
'sticky' or 'wet' droppings. While aesthetically undesirable 
and a potential health risk to the birds, through respiratory 
stress from ammonia and coccidiosis, this is not known to 
affect feed conversion. There is some evidence that the 
addition of commercial enzymes to poultry feed will 
improve the energy utilisation and reduce the incidence 
of 'sticky' droppings. Research has shown that it is not 
necessary to dehull lupins for use in broiler feeds. 
Diets for rainbow trout can contain up to 25 per cent 
whole lupins and it is common practice to feed whole 
or cracked seed to marron and yabbies in farm dams. 
Up to 10 per cent lupins are used in commercial diets of 
tilopia and milkfish. Pink snapper diets can contain up to 
40 per cent lupin seed meal with no loss in productivity. 
Up to 50 per cent of the fishmeal or soybean meal in diets 
of tiger prawns can be replaced by lupins. Commercial 
diets for silver perch can contain up to 30 per cent lupins. 
Heating, flaking and rolling lupins give only marginal 
increases in feed quality. Too much heat can cause a 
marked reduction in amino acid utilisation. 
Farmers should ensure a slow introduction of sheep to 
lupin seed if the sheep are in poor condition to avoid the 
risk of an acidosis and rumenitis induced by an atypical 
fermentation of the cell wall material. Well-nourished 
sheep do not suffer this condition. 
While dehulling seed can improve the utilisation by 
non-ruminants, the hulls and other particles removed 
during the process can be satisfactorily pelleted to make 
a complete feed for sheep, or incorporated into 
formulated feed for ruminants. 
Lupins for animal feed 
Sheep trained to eat lupin seed will readily fossick for the 
seed and broadcasting can therefore be used as a valuable 
tool in grazing management. There is little need for 
processing, but cracking or milling whole seed is 
advisable for cattle. 
Modem varieties are Diaporthe-resistant but very low 
levels of toxins can still be produced in their seed. 
most toxic. This discoloration which ranges from pale 
yellow to dark brown is independent of the characteristic 
mottling of Gungurru and similar varieties. Most 
discoloured seeds can be removed by commercial grading. 
Sheep are reputed to tolerate consumption of up to 
10 per cent discoloured seed in their diet and cattle are 
more tolerant of the toxins. However it cannot be assumed 
that such levels will be safe and a very cautious approach 
to feeding discoloured seed should be taken. 
TABLE 10. 
Energy values of Albus lupins (MJ/kg) 
Mean Range Number 
GE 18.7 17.9-19.6 3 
ME Sheep 12.5 12.4-12.6 2 
DE Pigs 16.9 14.0 -18.0 5 
AME Poultry 13.2 
ME Cattle 11.9 
TABLE 11. 
Essential amino acid content of Albus lupins (g/16 g N) 
Amino acid Mean Range Number 
Arginine 12.22 10.00 - 13.80 45 
Cystine 1.34 1.12-1.85 47 
Histidine 1.86 1.62-2.37 48 ---- 
lsoleucine 3.80 3.49- 4.56 48 
Leucine 6.31 5.70- 7.37 48 
Lysine 4.32 3.90-4.78 48 
Methionine 0.66 0.53-0.83 48 
-- - - 
Phenylalanine 3.38 3.07-3.80 48 
Threonine 3.29 2.99-3.99 48 
Tryptophan 0.96 0.68-1.08 34 
Valine 3.66 3.18- 4.09 48 - - - 
Cys+Met 2.01 1.73-2.48 47 
Tyr+Phe 8.08 6.99-9.67 14 
TABLE 12. 
Mineral content of Albus lupins (per kg as received) 
Mineral Mean Range Number 
g 
Calcium 2.0 1.2- 2.5 78 
Magnesium 1.3 0.9-1.6 20 
Phosphorus 3.6 2.5-9.0 87 
Potassium 8.8 2.8 - 11.1 36 
Sodium 0.3 0.1 - 1.1 18 
Sulphur 2.5 2.1 - 2.7 34 
mg 
Copper 5.1 3.1 - 8.1 65 
Iron 27.1 21.0- 44.0 64 
Manganese 895.7 23.0 - 3772.0 102 
Molybdenum 2.1 0.8- 3.1 9 
Zinc 30.1 22.0-38.0 65 
µg 
Cobalt 206 10 - 430 9 
Selenium 85 20-360 46 
TABLE 13. 
Anti-nutritional factors in Albus lupins 
Factor Units Mean Range Number 
Alkaloids % O.Q1 < 0.01 -0.02 96 
Oligosaccharides* % 6.56 5.20- 7.80 17 
Phytate % 0.57 0.38-0.86 16 
Saponins mg/kg n.d. 4 
Tannins (Total) % 0.40 0.23- 0.47 13 
Tannins (Cond) % 0.02 0.01 -0.05 14 - 
TIA mg/g 0.08 0.05- 0.10 9 
Lectins dilut n.d. 8 
' Sum of rattinose, stachyose and verbascose. 
Mean Range Number 
Dry matter 914 902- 924 110 
Protein 358 291 -403 184 
Ash 33 28-42 72 
Fat 94 76- 118 96 
Fibre 106 87-130 62 
ADF 146 123-212 60 
NDF 176 144- 231 63 
Lignin 7 4-18 51 




Nutrient composition (g/kg as received) as Albus lupins 
The lupini bean, which weighs about 500 mg and 
encompasses bitter varieties of L. albus, has been used as a 
snack food in southern Europe for centuries. It is usually 
cooked, pickled in brine and canned or bottled. 
The seed of Albus lupins is softer than the ASL seed, 
and it may have a greater potential for processing into 
protein and dietary fibre fractions. Another advantage is 
that it has a lower content of yellow pigment so it would 
be simpler to make near-white products such as vegetable 
milk and fibre. 
The white lupin seed weighs about 340 mg and has a 
flattened, oval shape. It has a thin seed coat, which 
comprises about 15 per cent of seed weight. 
The Albus lupin has a higher protein and crude tat content 
than the ASL. Energy value is higher and digestibility is similar. 
There are few data on energy utilisation so that at present tor 
ruminant animals the two species may be regarded as 
interchangeable. There is a poor acceptance of Albus lupins 
by pigs and a lowered growth rate it included at more than 
about 15 per cent of the ration. Extensive studies have shown 
that this is not related to any anti-nutritional factor, alkaloids, 
manganese or an amino acid deficiency. 
Lupinus albus, White lupin, European white lupin 
Albus Lupin 
• 
Amino acid Mean Range Number 
Arginine 10.05 6.51 - 12.30 180 
Histidine 2.40 1.38-2.88 154 
lsoleucine 3.86 2.85-4.77 181 
Leucine 6.64 5.05- 7.79 181 
Lysine 6.87 4.28-8.27 185 
Methionine 0.85 0.35-1.19 184 
Phenylalanine 4.24 2.90- 5.18 153 
Threonine 3.44 1.90-4.13 181 
Tryptophan 0.78 0.56-0.93 8 
Valine 4.29 2.88-5.41 181 
- - 
Cys-i:_Met 2.46 1.93-3.09 126 
Tyr+Phe 7.07 4.89-9.20 97 
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TABLE 16. 
Essential amino acid content of field peas (g/16 g N) 
Protein content and quality 
The protein content, about 230 g/kg, is lower than for 
lupin seed and there are similar constraints on quality from 
low tryptophan and methionine levels, although the lysine 
content is higher. The close agreement between amino acid 
digestibility and availability means that reliable performances 
are obtained when peas are included in the diet. 
The main energy reserves in the pea seed are the high 
content of starch, usually around 50 per cent, and small 
amounts of soluble sugars, 5 per cent, and oil, 1 per cent. 
There is a low content of the non-starch polysaccharides. 
The digestibility of all these carbohydrate fractions will 
be high in both ruminant and non-ruminant species. 
Mean Range Number 
GE 16.8 16.4-17.1 35 
DE Pigs 14.5 12.0-17.0 10 
ME~heep 12.0 2 
AME Poultry 11.5 
TABLE 15. 
Energy values of field peas (MJ/kg) 
Pea hulls are high in poorly digestible fibre, so the 
utilisation of energy in the kernels by non-ruminants can 
be higher than for the whole seed. However, it is doubtful 
that the cost of dehulling can be justified. 
Energy content 
The metabolisable energy content of peas for ruminant 
animals is similar to that for lupin seed, but for different 
reasons. The fat content of peas is very low, but the 
levels of fibre and lignin are also low while the content 
of soluble carbo-hydrates (mostly starch) is high 
(300-500 g/kg). The utilisation of energy by non-ruminant 
animals is high since most of the energy yielding 
components are digested in the upper tract. 
Mean Range Number 
Dry matter 903 889 - 918 409 
Protein 232 193 - 273 3788 
Ash 25 21 -33 78 - -- 
Fat 11 7-24 141 
Fibre 59 45- 79 121 
ADF 93 76-176 24 
- 
NDF 133 71 - 245 49 - -- 
Lignin 5 1 -10 24 
Weight (mg) 191 156- 252 415 
TABLE 14. 
Nutrient composition of field peas (g/kg as received) 
The average weight of pea seed is about 200 mg, with 
the seed coat making up about 12 per cent of the total. 
Most of the peas produced in Australia are of the Dun 
type, round dimpled seed ranging in colour from greenish 
brown to brown. 
Another distinguishing feature of peas is the seed 
characteristics, round or wrinkled, which tend to reflect 
their chemical composition. Wrinkled seeds generally have 
a lower starch content, a white flower, and a blue-green 
seed. Round seed varieties, which may be smooth or 
dimpled, may have white or coloured flowers and the seed 
colour can be blue-green, green to brown or brown. 
The pea is one of the first plant species domesticated by 
humans. All pea types belong to the same botanical species 
although some botanists have tried to distinguish two 
subspecies; P. sativum ssp. sativum, with white flowers, 
and P. sativum ssp. arvense, with coloured flowers. 
This division reflects the absence or presence of tannins in 
the seeds respectively. 
Pisum sativum 
Field Pea 
Split dry peas are widely used as a soup base and a food 
ingredient. They are sold in significant quantities for use 
as dhal throughout the Indian sub-continent. They are an 
inexpensive alternative to splits from the desi chickpea for 
a wide range of food uses. Dimpled seed may be used for 
splitting, provided the dimpling is not too deep. 
Dry peas are also processed to produce fibre, from both 
hull and whole seed, starch and protein fractions for use 
in the food processing industry. 
Seeds of dry peas are used for soups, sprouting and can be 
used to make tempe. 
Peas for human consumption 
Immature wrinkled seeds are used for human consumption 
as fresh or frozen green peas. Some round seeds with white 
flowers and blue-green seed are also used for this purpose. 
Dry round seed harvested after maturity may be used for 
food purposes, for example as whole, dry seed, dehulled 
and split seed, rehydrated seeds for canning (marrowfat 
or small blue peas). 
28 16.6-17.1 





Number Range Mean 








GE (MJ/kg) 17.0 
TABLE 19. 
Nutrient composition of kernels from field peas 
(g/kg as received) 
Peas for animal feed 
Round seed, with or without tannins, is widely used as 
animal feed and referred to as feed peas or fodder peas. 
The whole plant may be used for fresh forage or silage. 
The high starch content of peas does not pose a risk of 
acidosis in ruminants as it seems to be slowly fermented, 
possibly due to the non-starch polysaccharides that 
are also present. Peas are popular for ruminants in 
south-eastern Australia, particularly as a forage crop. 
Peas are an excellent source of protein for pigs, 
representing a cheap source of available energy and 
lysine in cereal-based diets. They do not require 
processing prior to feeding. Commercial pig growers use 
up to 40 per cent seed in their formulations and obtain 
good feed conversion. 
Poultry rations can contain up to 25 per cent peas with 
little risk of wet droppings. 
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Factor Units Mean Range Number 
Oligosaccharides* % 3.53 2.40- 5.80 81 
Phytate % 0.59 0.22-0.99 110 
Tannins (Total} % 0.37 < 0.01 -1.02 117 
Tannins (Cond} % 0.02 <0.01-1.10 444 
TIA mg/g 1.29 0.40 - 2.10 288 
CTIA mg/g 1.60 0.86- 2.64 10 
Lectins dilut 4 4-4 5 
Sum of raffinose, stachyose and verbascose. 
TABLE 18. 
Anti-nutritional factors in field peas 
Anti-nutritional factors 
Peas are relatively free of anti-nutritional factors and it is 
not considered necessary to use heat treatment prior to 
inclusion in formulated feeds. 
Mineral Mean Range Number 
g 
Calcium 0.7 0.5 - 1.1 151 
Magnesium 1.2 1.0-1.5 60 
Phosphorus 4.0 2.6-8.5 156 
Potassium 8.2 2.0-11.0 99 
Sulphur 2.0 1.6- 2.2 309 
mg 
Copper 5.6 3.8- 7.8 57 
- 
Iron 53.1 35.0-90.0 44 
Manganese 16.3 8.1 -56.0 88 
Molybdenum 0.8 0.2 -1.4 29 
- -·-- ..... 
Sodium 19.1 < 0.1- 116.0 49 
Zinc 30.1 17.0-46.0 66 
119 
Cobalt 133 10-330 21 
Selenium 56 5-180 36 
TABLE 17. 
Mineral content of field peas (per kg as received) 
Mineral content 
Peas are low in calcium, sodium and possibly copper and 
selenium, depending on soil conditions. Supplementation 
with all these minerals, as well as cobalt and zinc, is 
probably desirable where peas are included as a major 
proportion of the ration. The nitrogen to sulphur ratio 
(18 to 1) is suitable for ruminants. 
Desi Kabuli 
Mean Range Number Mean Range Number 
Dry matter 900 892- 917 167 909 894-923 54 ----- 
Protein 201 170- 243 230 215 181 - 257 73 ----- 
Ash 26 23-31 44 27 23-30 20 -- -- ---- 
Fat 38 28-48 120 50 40-58 41 
Fibre 98 71 - 130 35 29 12-38 20 - -- -- ------ 
ADF 147 109 - 167 11 55 33- 75 8 ----- -------- ----- 
NDF 251 167-302 10 119 52-160 7 ~-··------- ·-··--· 
Lignin 12 8-17 4 10 5-16 5 
Weight (mg) 164 130- 218 135 397 309-520 72 
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A large number of traditional products derived from 
chickpea/cereal mixtures are prepared in the Indian 
sub-continent. These can be fermented, deep-fried, 
toasted, baked, and puffed to make a range of products. 
Chickpea production is now well established in Australia 
(Table 1). The availability of genetic material from west 
Asia and north Africa and the Indian sub-continent, 
and fast-tracking of new cultivars, has led to release of 
desi chickpeas with larger seeds and good cooking 
characteristics. These have met a favourable response from 
importers. Several new kabuli chickpea cultivars are also 
available for production in Australia. 
Chickpeas are mostly consumed in the form of whole seed, 
dhal or as dhal flour (besan). The processes of soaking, 
sprouting, fermenting, boiling, steaming, roasting, 
parching and frying are still used to convert them into 
a consumable form. Canning and dehydration of 
immature green chickpeas are becoming popular. 
Chickpea is relatively free from anti-nutritional factors, 
has high protein digestibility, and is richer in phosphorus 
and calcium than other pulses. With its high fat content 
and high fibre digestibility, chickpea may be useful as a 
protein and energy source for ruminants and non- 
ruminants, and the residual stubble after harvest has a good 
forage value. These diverse uses of the crop, and its ability 
to grow under harsh edaphic and arid environments, 
make it an important component of the cropping systems 
of subsistence farmers in the Indian subcontinent, West 
Asia, and North Africa. These attributes, together with its 
ability to derive more than 70 per cent of its nitrogen from 
symbiotic nitrogen fixation, make chickpea a promising 
crop for winter cropping areas of Australia. 
TABLE 20. 
Nutrient composition of chickpeas (g/kg as received) 
On a global basis, chickpea is the third most important 
pulse crop after dry beans and dry peas. Although 
predominantly consumed as a 
pulse, dry chickpea is also 
used in preparing a variety 
of snack foods, sweets 
and condiments while 
green fresh chickpeas 
are commonly 
consumed as a 
vegetable for a short 
period before the 
crop is mature. 
The chickpea holds 
promise for the 
preparation of 
fermented food 
products such as 
ternpe, miso, bakery 
products, and 
weaning foods. 
Seeds of Kabuli cultivars weigh about 400 mg, are white to 
cream coloured, and are used almost exclusively by 
cooking whole seeds. 
Seeds of desi cultivars, which weigh about 120 mg, are 
wrinkled at the beak with brown, light brown, fawn, 
yellow, orange, black or green colour. These cultivars are 
normally dehulled and split to obtain dhal. 
The chickpea (also called Bengal gram, boot, chana chola, 
chole, gram, hommes, pois chiche and garbanzo bean) is 
grouped into two types based on seed colour and geographic 
distribution. Desi type chickpeas are of Indian origin and the 
Kabuli chickpeas are of Mediterranean, north African and 





Anti-nutritional factors in chickpeas 
Desi Kabuli 
Mineral Mean Range Number Mean Range Number 
Oligosaccharides* % 1.65 1.20- 2.50 72 2.08 1.70-2.80 34 
Phytate % 0.66 0.37-1.13 63 0.70 0.39-099 13 
Tannins (Total) % 0.52 0.36-0.72 52 0.27 0.16-0.46 37 
Tannins (Cond) % 0.04 0.01 -0.09 46 O.D1 0.01 -0.04 36 
TIA mg/g 3.95 1.16-6.73 109 2.96 1.39-4.90 45 
CTIA mg/g 7.72 3.71 -13.19 58 6.39 3.00 -10.74 16 
• Sum of raffinose, stachyose and verbascose. 
TABLE 22. 
Mineral content of chickpeas (units per kg as received) 
Desi Kabuli 
Mineral Mean Range Number Mean Range Number 
g g 
Calcium 1.8 1.2- 2.3 77 1. 1 0.4- 1.6 24 
Magnesium 1.4 1.2 - 1.6 44 1.2 0.1-1.7 18 
Phosphorus 3.6 2.3-8.6 95 3.8 2.4- 9.3 27 
Potassium 8.2 2.3- 10.2 91 8.9 2.2 - 11. 1 25 
Sulphur 1.8 1.6-2.2 84 1.8 1.6- 2.0 23 
mg mg 
Copper 6.6 3.1-11.6 32 6.2 2.7 -14.2 14 
Iron 50.3 34.7 -120 32 56.7 32.0-124.5 14 
Manganese 34.1 17.8- 49 44 22.4 0.9-37.3 18 
Molybdenum 0.9 0.3-1.3 20 1.0 0.7-1.3 9 
Sodium 98.8 0.1 - 267.2 37 81.6 0.0-266.7 17 
Zinc 31.0 22.0-42.0 44 32.2 21.3-39.2 18 
µg µg 
Cobalt 180 110 - 350 8 186 6-41 5 
Selenium 29 5-100 14 42 5-100 7 
TABLE 21. 
Essential amino acid content of chickpeas (g/16 g N) 
Desi Kabuli 
Amino acid Mean Range Number Mean Range Number 
Arginine 9.92 8.35-12.30 30 10.39 8.11 -12.10 21 
Histidine 2.68 2.16-3.26 31 2.76 2.38-3.31 22 
lsoleucine 4.01 3.64-4.73 31 3.95 3.62-4.46 22 -------- -~---- 
Leucine 7.33 6.08- 7.89 31 7.16 6.05- 7.67 22 
Lysine 6.59 5.17- 7.26 31 6.28 4.85-6.93 22 
Methionine 1.34 0.86-1.63 31 1.31 0.65-1.59 22 
Phenylalanine 5.51 4.69-6.03 31 5.68 4.73-6.24 22 
Threonine 3.68 3.05-4.51 31 3.53 3.00-3.79 22 
Tryptophan 0.87 0.39-1.21 8 0.64 0.31 -0.76 6 
Valine 4.19 3.84-5.06 31 4.15 3.84-4.38 22 
- - 
Cys + Met 2.90 2.34-3.65 31 2.71 1.20-3.26 22 
Tyr + Phe 8.24 6.65-9.01 30 8.40 6.77-9.07 21 
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Mineral content 
The variability in samples from throughout Australia is 
low for most of the major elements. The nitrogen to 
sulphur ratio (28 to 1) is high and a sulphur supplement 
may be needed for ruminants. The phosphate levels are 
adequate but calcium levels are low so supplementation 
may be needed for grazing livestock. Concentrations of 
cobalt, copper and zinc are below those recommended 
for livestock and they should be included in any 
mineral supplement. 
Amino acid Mean Range Number 
Arginine ___ 9.46 8.40 - 10.40 17 
Histidine 2.54 2.19-2.91 17 
lsoleucine 3.80 2.58-4.12 17 
Leucine 7.27 6.53- 7.74 17 
- 
Lysine 6.29 5.96-6.90 17 
Methionine 0.78 0.69-0.94 17 
Phenylalanine 4.12 3.64-4.51 17 
Threonine 3.54 3.16-3.74 17 
Tryptophan 0.64 0.57 - 0.70 12 
Valine 4.30 3.07 - 4.70 17 
Cys+Met 2.14 1.96-2.26 17 
Tyr+Phe 7.51 6.84-8.10 17 
TABLE 26. 
Essential amino acid content of faba beans (g/16 g N) 
Feeding studies have shown that faba beans can be an 
effective protein source for poultry provided the amino 
acid shortfalls are balanced. They can then be used as an 
isonitrogenous replacement for soybeans in layer rations. 
Protein content and quality 
There is a significant negative correlation between the 
in vitro digestibility of faba bean protein and the tannin 
content of the seed. The tannins are mostly located in the 
hulls and dehulling one variety was reported to increase 
the protein digestibility from 86 to 92 per cent and give 
a 6 per cent increase in feed conversion efficiency. 
The maximum digestibility of crude protein is about 
90 per cent but levels as low as 68 per cent have been 
reported. Clearly, low tannin cultivars or dehulled beans 
should be used for best results. As with all pulses, 
faba beans are inadequate as a sole protein source. 
Supplementation with methionine, and probably 
tryptophan, is advisable. 
Mean Range Number 
GE 16.8 16.4-17.1 13 
DE Pigs 14.5 14.0-15.0 2 
ME Cattle 12.0 
ME Sheep 11.5 11.3 - 11.7 4 
TABLE 25. 
Energy values for faba beans (MJ/kg) 
Energy content 
The gross energy content of faba beans, about 16.8 MJ/kg, 
is typical for pulses of low oil content. The high 
digestibility of its components results in a metabolisable 
energy for pigs, poultry and ruminants similar to those 
for lupins, field peas and soybean meal (Table 2). 
Mean Range Number 
Dry matter 897 885-906 73 
Protein 241 207 -297 355 
Ash 27 22-31 17 
Fat 12 9-16 48 
Fibre 84 62- 114 16 
ADF 99 72- 115 5 
NDF 128 96-232 16 
Weight(mg) 590 390-1294 18 
TABLE 24. 
Nutrient composition of faba beans (g/kg as received) 
The faba bean is a staple source of protein around parts of 
the Mediterranean, the Red Sea perimeter, China and 
Brazil. Elsewhere it is mostly grown for animal feed. 
The faba bean is one of the world's oldest crops and ranks 
sixth in production among the pulses. There are two types, 
V. faba major (broad bean) with seed weight averaging about 
800 mg and V. faba minor (horse bean, tick bean) with seed 
weights averaging about 550 mg. The seed coat of both 
types makes up about 13 per cent of the seed. 
Vicia faba, field beans, broad beans 
Faba Bean 
In Australia, feed formulations can include up to 
25 per cent faba beans. However there have been some 
anecdotal reports of poor growth rates by pigs. 
Dehulling and fine grinding are reputed to significantly 
increase the nutritive value of faba beans for 
non-ruminants. 
Animal feed 
In Europe, faba beans are used in pig rations at up to 
40 per cent in the formulation. The apparent 
digestibility of crude protein is over 80 per cent with 
better results reported for seed from white-flowered 
(low tannins) varieties. 
Human consumption 
Faba beans are eaten in Mediterranean countries and 
China after steeping, germinating or baking, and may be 
used in soups and baked goods, as a snack food, and in 
breakfast foods. 
• Sum of raffinose, stachyose and verbascose. 
Factor Units Mean Range Number 
Oligosaccharides* % 2.71 2.20-3.20 22 
Phytate % 0.66 < 0.01 -1.04 3 
- 
Tannins (Total) % 0.97 0.72-1.14 23 
----- ------- 
Tannins (Cond) % 0.22 0.10-0.33 28 ·--- - - 
TIA mg/g 0.14 0.05-0.20 24 
CTIA mg/g 0.40 1 
Vicine ~g/g 4.14 3.16-5.12 9 
Convicine mg/g 2.22 1.48 - 2.67 9 
TABLE 28. 
Anti-nutritional factors in faba beans 
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Vicine and convicine are both present in faba beans and 
ingestion of these by people with a genetically determined 
deficiency of the enzyme glucose-o-phosphate 
dehydrogenase can cause favism, which is a potentially 
fatal condition. The populations at greatest risk are from 
those Mediterranean and Middle Eastern countries. 
Lowering vicine and convicine levels through selective 
breeding programs should enhance the prospects for the 
use of faba beans as a food base. Other factors that may 
need to be overcome include the presence of tannins, 
trypsin inhibitors and lectins. 
Anti-nutritional factors 
As mentioned above tannins can be a problem for 
utilisation of protein, but the use of low tannin cultivars 
or dehulling the seed easily overcomes this. Any untoward 
effect from proteinaceous ANFs can be overcome by 
extrusion or cooking. 
TABLE 27. 
Mineral content of faba beans (per kg as received) 
Mineral Mean Range Number 
g 
Calcium 1.1 0.7-1.5 35 
Magnesium 1.0 0.9-1.1 9 
------ 
Phosphorus 3.8 2.6 - 5.4 35 
Potassium 9.8 8.3-11.0 22 
Sodium 0.1 0.1 -0.2 9 
Sulphur 1.4 1.2 - 1.5 17 
mg 
Copper 10.3 8.4-12.6 5 
Iron 95.6 39.7-169.0 5 
Manganese 29.5 10.8-66.0 22 
Molybdenum 1.2 0.9-1.7 4 
-·- 
Zinc 27.6 16.0-32.3 10 
µg 
Selenium 42 9-100 19 
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Weight (mg) 43 
TABLE 29. 
Nutrient composition of mung bean (g/kg as received) 
In east Asia mung bean soup and mung bean-rice porridge 
are generally consumed only during the summer season. 
Processed products such as bean sprouts, starch noodles 
(Tong-Fung) and mung bean cake have developed and 
become popular. 
Mung bean has some valuable properties. The heat-stable 
viscosity of mung bean starch means it may be a useful 
ingredient for products which need high consistency 
under high temperature. Mung bean protein can be used 
in food formulations which need high quality and easily 
digestible protein. 
In India the most common dish is dhal, the cooked split 
pulse in the form of a thick soup. Indian mung bean dishes 
are consumed as part of the daily meal or a dessert/snack 
in almost all parts of the country. Some food preparations 
are specially suitable for children, elderly people and 
invalids, as mung bean is usually considered to be easily 
digestible and relatively free from anti-nutritional factors. 
Mung bean sprouts have a fairly high amount of vitamin 
C, and in India these are sometimes used as a green 
vegetable when other vegetables are scarce. 
Mung bean flour can be successfully incorporated at up to 
30 per cent in vermicelli and spaghetti without affecting 
its quality. Replacing 5 to 10 per cent of wheat flour with 
mung bean flour can improve the mixing properties of 
dough and produce acceptable bread. However a higher 
incorporation weakens the dough and lowers bread quality. 
In Thailand mung beans are used for making a range of 
desserts, snacks and main dishes, and mung bean noodles 
and salim starch are also popular. The waste material from 
noodle production is used to make high protein foods such 
as Protein Kaset, which is also used as an ingredient in 
animal feed as is other waste material from the production 
of mung bean noodles. 
The mung bean is native to the Inda-Burma region with India, 
Burma, Thailand and Indonesia, producing almost 90 per cent 
of the world production. Mung beans may contain from 200 to 
300 g protein per kilogram and from 7 to 12 g fat. The limiting 
amino acids are methionine and cystine. To overcome this 
nutritional limitation, mung beans should be consumed with 
other sources of protein such as cereals, rice and sesame 
which contain a high percentage of sulphur-containing 
amino-acids. Mung beans are rich in vitamins A, B 1, B2 
and C and niacin. 
Vigna radiata 
MungBean 
Dry beans contain a similar level of gross energy Mean Range Number 
(16.8 MJ/kg) to field peas. We have no DE or ME values. g 
Calcium 1.6 1.2 - 2.2 26 
TABLE 31. Magnesium 1.5 1.4 - 1.8 9 
Essential amino acid content of dry beans (g/16 g N) Phosphorus 4.4 3.4 - 5.4 30 
Amino acid Mean Range Number Potassium 13.3 12.2-15.0 16 
Arginine 6.60 5.58-7.10 23 Sulphur 2.0 1.7-2.3 14 
Histidine 2.77 2.51 - 2.99 23 mg 
lsoleucine 4.52 4.18-4.75 23 Copper 8.3 7.2- 9.1 9 
Leucine 8.32 7.90-8.69 23 Iron 69.1 56.0-93.0 9 
Lysine 6.85 6.09- 7.64 23 Manganese 16.0 11.0-19.0 9 
Methionine 0.79 0.62-1.04 23 Molybdenum 2.0 1.6-3.2 7 
Phenylalanine 5.74 5.63-6.28 23 Sodium 7.6 < 0.1 -40.0 9 
Threonine 4.39 4.08-4.69 23 Zinc 32.0 24.0-39.0 9 
Valine 5.15 4.70-5.67 23 µg 
Cys+Met 1.66 1.23-2.71 22 Cobalt 292 170- 450 7 
Tyr+Phe 9.23 7.85 - 10.40 23 Selenium 6 5-6 7 
18 
TABLE 32. 
Mineral content of dry beans (per kg as received) 
Ory beans contain toxic factors such as lectins and 
protease inhibitors which interfere with protein utilisation. 
Processing to destroy these factors is essential before 
feeding to non-ruminant livestock. Autoclaving and 
other wet cooking methods are effective but impractical 
on-farm. Extrusion processing is effective at temperatures 
around 135°C when these beans are blended with a 
high fat supplement such as soybean. However these 
anti-nutritional factors do not cause a problem of 
utilisation in ruminants where detoxification in the 
rumen is apparently effective. 
The protein content of 240 g/kg is similar to that of field 
peas, and although the protein is low in methionine 
{0.9 g/16 g N) it is a good source of lysine (6.8 g/16 g N). 
Mean Range Number 
D_r_y_rr1atter 898 875-909 38 
Protein 244 219 - 272 37 
Ash 37 32-46 23 
Fat 13 11 -19 28 
Fibre 70 33-185 6 
ADF 52 47-62 7 
NDF 146 134-189 7 
Lignin 3 2-5 7 
TABLE 30. 
Nutrient composition of dry beans (g/kg as received) 
The analytical data for the two types are almost identical 
and have been combined for presentation in this book. 
Culinary beans may be medium sized, weighing from 250 to 
400 mg, with a white (Great Northern) or red (red kidney) 
seed coat, or a large bean, weighing from 450--600 mg, with 
a multi-coloured, patterned coat (Borlotti). Culinary beans 
may be cooked in brine and canned for 'instant' use in 
salads and soups or used as the freshly cooked bean as a 
complement to salads and other dishes. 
The cultivation of dry beans is expected to spread from 
the semi-tropical areas into cooler areas for summer 
cropping. Increased production is aimed mainly at 
import replacement with a long-term view to build up 
an export industry. 
Navy beans are small and have white seed coats and 
weigh from 120 to 220 mg. They are used for processing 
into baked beans and the like. 
Various types of Phaseolus vulgaris are grown throughout the 
temperate and semi-tropical regions of the world. The beans 
are used as a green vegetable, a green seed (vegetable) or 
dry bean (mature seed). The dry beans can be divided into 
two mains types. 









Mean Range Number 
898 890- 912 15 
279 243-320 36 
25 22-26 3 
9 5- 11 5 
51 44-59 4 
75 69-80 2 
219 1 
0.8 0.8-0.8 2 









Nutrient composition of common vetch (g/kg as received) 
Vetches have a role in Australian agriculture, and with 
some promising material now available there should be 
an increase in sowings in future years. 
Feeding studies with sheep have shown similar 
digestibilities and protein quantity for the grain of vetches, 
lupins and field peas. 
A limitation to the end-use of vetches is the presence of 
cyanoalanine compounds, potentially toxic non-protein 
amino acids, and some other anti-nutritional factors in 
the seed. Research at the Waite Institute showed that 
more than 90 per cent of the cyanoalanine compounds 
can be destroyed by the addition of approved food acids. 
This process did not affect the attractive pink colour of 
the cotyledons and had the added benefit of shortening 
the cooking time. 
There is a national breeding program aimed at reducing 
the levels of all these anti-nutritional factors in vetches. 
to lentils for some dhal and soups, led to production of the 
Blanchefleur and Langedouc varieties in commercial 
quantities in southern Australia. 
The realisation that vetches have been used as an alternative 
Vicia sativa, common vetch 
Lentils are also a good source of iron. They have a low 
content of phvtate, 1 to 8 g/kg, condensed tannins, 
about 5 g/kg, and oligosaccharides. The level of lectins is 
low and trypsin inhibitors are lower than in all other 
legumes except lupins. 
Several varieties are now well adapted to Australian 
conditions and production is predicted to exceed 
50,000 tonnes soon. 
The protein quality of lentils is poor, as they are low in 
both sulphur amino acids and tryptophan, but heating 
does not cause any further loss in quality. The protein 
is highly digestible. 
20 
Mean Range Number 
Dry matter 902 897-906 17 
Protein 240 198- 280 853 
Ash 22 10-34 11 
Fat 9 3-13 19 
Fibre 44 29-60 11 
ADF 60 40- 70 7 
NDF 180 135- 226 9 
Lignin 11 10- 13 3 
Calcium 0.6 0.1 -0.8 11 
Phosphorus 3.2 2.4-3.8 10 
Weight (mg) 45 26- 70 34 
TABLE 34. 
Nutrient composition of lentil (g/kg as received) 
There are two main groups of lentils. The microsperma, 
which grow mostly in Asia, have round seeds from 2 to 
6 mm diameter, yellow or orange (red) cotyledons and a 
pale yellow to black seed coat. The macrosperma have a 
larger flattened seed, yellow cotyledons and a green seed 
coat that may be speckled. They grow mostly in Europe. 
Lentils are mostly used as a food. They may be boiled 
to make the Indian dhal and lentil soup, or deep-fried 
and consumed as a snack, or combined with cereal flours 
to produce breads and cakes. They are also used in 
commercial invalid and weaning foods. They may 
be consumed whole, decorticated (dehulled), as splits 
(dehulled and split into the two cotyledons), or 
ground into flour (either whole seed or cotyledons). 
The biggest uses appear to be as a major ingredient of 
mujadurra, which is a lentil and rice dish, and lentil soup. 
They are also used in cereal blends and in snack foods. 
Very few fermentation uses have been ascribed to lentils. 
Protein and starch isolates have been produced but they 
are not in high demand. 
The lentil is one of the oldest food crops known. The plant 
thrives on relatively poor soil and under harsh conditions, and 




Black gram is mainly used in the preparation of fermented foods such 
as idli, papad, waries, dosa, and other regional foods in India. It is also 
consumed in split, boiled or roasted forms or ground into flour and used 
to make cake, bread and porridge. 
The seeds are also used for the preparation of sprouts. 
The green pods are eaten as a vegetable. 
Split black gram seeds have about 560 to 640 g/kg of carbohydrates, 
including starch, soluble sugars, fibre and unavailable carbohydrates. 
Starch accounts for most of the total carbohydrates in the seeds as well 
as the cotyledons. The protein content has been reported to range 
from 236 to 286 g/kg. 
Black gram is widely grown in India, Iran, South-East Asia, Greece and 
East Africa. It is also described as Azukia mungo. The composition of 
black gram is comparable to that of commonly cultivated legumes. 
Most of the ash, protein and lipid is present in the cotyledons, while the 
seed coat which accounts for 12 to 14 per cent of the whole seed is rich 
in crude fibre and calcium. 
Vigna mungo 
Black Gram 
The Atlas lupin is now fully domesticated and is due to be released in 
2001. It has a thick, rough seed coat and about 28 per cent crude protein. 
Dehulled seed should contain about 40 per cent protein, and could 
compete favourably in the intensive feed industries. 
Atlas Lupin 
L.upinus atlanticus 
This crop is in the early stages of development in northern Australia. 
These beans are a popular ingredient in sweetened products in Japan, 
where they are called 'an', and China. Flour from the whole bean can be 
used at 5 to 10 per cent in bread and baked goods, and in soups and 
savoury snacks. The beans contain about 500 g starch/kg, 200 g protein 
and 50 g oil, of which 75 per cent is unsaturated fatty acids, mostly 
linoleic and oleic. 
Vigna angularis 
Adzuki Bean 
Guar, or cluster bean, is a deep-rooted, drought-tolerant summer legume. 
The seed may be used to produce a gum for food processing or industrial 
processes, or for animal feed. The green, immature pods are sometimes 
used as a food in India and Pakistan. No commercial industry has been 




Breeders believe that there is sufficient genetic variation in the species 
for them to reduce the ODAP content to a negligible level and to adapt 
the grasspea to much of the harsher areas of southern Australia where other 
pulses do not perform well. Some lines contain over 300 g/kg of protein. 
Two other species of Lathyrns, L. cicera, the flat pod pea vine, and L. ociwus, 
Cyprus vetch, also show promise with protein contents ranging from 
200 to 300 g/kg. 
The grasspea is grown widely in the Indian sub-continent and Ethiopia, and 
to a lesser extent in parts of north Africa and west Asia. It has been used as 
an animal feed and human food for centuries, but mostly only when other 
crops have failed because of the risk of lathyrism. The principal agent that 
causes lathyrism, a severe and sometimes fatal neurotoxic disorder in humans, 
is a non-protein amino acid known by the acronyms ODAP or BOAA. 
Grass pea 
Lathyrus sativus 
Small quantities of the variety Black Eye Cows are grown in Australia for 
culinary purposes. 
The cowpea is considered to be an important food legume in Africa, 
especially Nigeria, parts of Asia and around the Mediterranean. 
A paste made from soaked, dehulled seeds forms the base for steamed and 
deep-fried dishes in West Africa. The cowpea has been used elsewhere to 
make fermented food products and green pods are used as a vegetable. 
The protein content of seed produced in Australia, about 180 g/kg, is 
lower than in Africa. Protein quality is poor, with methionine being the 
first limiting amino acid but the lysine content is higher than for most 
legumes. The starch content is about 450 g/kg, crude fibre 30 g/kg, and 
oil 10 g/kg. Feeding studies in pigs show a DE of 12.2 MJ/kg and in 





Almost all of the grain produced world-wide is used for human consumption. 
The major use is to produce dhal, the cotyledons or 'splits', for direct cooking or 
flour preparation. Cooking quality is an important consideration, with a desirable 
cooking time for the dhal being about 20 minutes and for the whole seed about 
40 minutes. The dhal is more palatable and has a better texture than whole seed. 
Other products from the seed include a fermented sauce similar to a soy sauce, 
canned seeds (usually the white coated varieties) and extracted mixtures of 
cereal/pigeonpea blends. A satisfactory tempe has been made from pigeonpeas. 
In Indonesia the green, immature seed can be used as a salad ingredient. 
In India pigeonpea, seed (grain) and plants have been used as animal feed for 
centuries. It is likely that the use of grain will spread as more people recognise 
its value as animal feed, especially in areas where it is more suited to agriculture 
than other pulses. 
Protein digestibility is reported to range from 77 to 99 per cent. The pigeonpea 
has about 90 per cent of the quality of chickpea and soybean meal for both 
rats and pigs. 
A revival of the pigeonpea industry in Australia is anticipated now that new lines 
with an extra short duration to flowering have been obtained for evaluation. 
Pigeon pea 
Cajanus cajan 
The narbon bean has been evaluated in southern Australia as an alternative to 
peas and lupins. Yields have been promising but the presence of unpalatable 
factors and the lack of ready markets has limited further activity. 
The gross energy content of narbon beans (18.5 MJ/kg) is similar to that of 
peas, the beans having only a low level of fat compared to lupins and soybeans. 
We have no DE or ME values for either ruminant or non-ruminant animals, 
but these can be expected to be lower than the equivalent values for peas 
because of the high fibre values (ADF 163 and NDF 237 g/kg). 
The protein value for narbon beans, 266 g/kg, is higher than for peas. 
Feeding trials suggest they can be used at up to 10 per cent inclusion in 
rations for young chickens. 
Although narbon beans contain undefined anti-nutritional factors, which 
may limit their incorporation in diets for pigs and poultry, results of feeding 
experiments with sheep suggest they have similar feeding value to field peas 
for both growth and wool production. 
Vicia narbonensis 
Narbon Bean 
The bean, which is also known as Bonavista, Dolichos, Indian butter and lablab 
bean, is an important food legume in Asia. In southern India the beans are 
widely used as a vegetable, in curries, and made into dhal. In Burma, the seed 
is soaked and fried for use as a snack food. The crude protein content of lines 
grown in Australia, 185 g/kg, is low and more work is needed on yield, 
quality and adaptation. Production is expected to exceed 5000 tin 1998. 
Hyacinth Bean 
Lablab purpureus 
The few data available for anti-nutritional factors do not indicate any 
potential problems for protein or energy utilisation or with voluntary food 
intake. Commercial production is expected in 1998. 
The yellow lupin offers potential advantages over ASL and Albus lupins to 
the intensive animal industries. The crude protein content, > 40 per cent, 
is higher in either Albus or ASL and within their protein fraction the 
contents of lysine and the sulphur-amino acids are higher. A further bonus 
is the higher digestibility of the three limiting amino acids - lysine, 
methionine and threonine. The DE for pigs (16.4 MJ/kg) and AME for 
poultry (11.4 MJ/kg) are both higher than for ASL. 
Recent introduction of new genetic material from Poland revived interest 
in the yellow lupin because of its agronomic properties. The yellow lupin 
appears well adapted to the acid wodj ii soils of much of the south-west 
agricultural areas in Western Australia. The yellow lupin is also more 
resistant to brown leaf spot and Pleiocheta root rot than either ASL or 
Albus lupins. 
Seeds of yellow lupin are generally smaller than ASL, at about 150 mg. 
They have a similar proportional weight of seed coat. 
Yellow Lupin 
Lupinus luteus 
The compositional data are similar to those for other lupin species, and 
feeding studies with sheep have also shown similar values. A low alkaloid 
variety, Eragulla, has been developed in Western Australia. 
The prospects for commercially growing this species seems doubtful due to 
the risk of contamination from hard-seeded wild types which are ubiquitous 
in the sandplain country and which can lie dormant for over a decade. 
This species was introduced to Western Australia during the last century. 
It rapidly adapted to and colonised much of the sandplain country in the 






Mean Range Number 
Weight (mg) 128 118 - 146 3 ...... 
Dry matter 885.7 853.0 - 899.0 23 
Protein 195.3 178.8 - 224.5 23 
Ash 36.2 31.2 - 43.0 13 
Fat 15.9 10.7-21.3 16 
Fibre 80.7 71.5-99.2 12 
ADF 93.0 1 
NDF 137.0 1 
Calcium 1.0 0.6-1.2 13 
Magnesium 1.3 1.0 - 1.4 6 
Phosphorus 7.6 2.5 - 15.7 16 
Potassium 6.1 3.4- 14.0 9 
Sodium < 0.1 <0.1-<0.1 6 
Sulphur 1.5 1.4-1.6 9 ....  
Copper 6.9 6.3- 7.9 6 
Iron 32.5 29.0-40.0 6 
Manganese 11.3 10.0- 13.0 6 
Zinc 25.8 21.0- 29.0 6 
Oligosaccharides* % 3.80 3.30- 4.40 3 
Phytate % 0.89 0.70-1.12 3 
Tannins (Total) % 0.80 0.43 - 1.65 11 
Tannins (Cond) % 0.40 0.15-1.12 9 
TIA mg/g 2.20 0.47 - 5.20 11 
CTIA mg/g 2.31 1.65-2.75 4 
• Sum of raffinose, stachyose and verbascose. 
GE MJ/kg 16.4 16.4 - 16.5 7 
DE Pigs MJ/kg 14.5 14.0 - 15.0 2 
ME Poultry MJ/kg 8.0 8.0 8.0 2 .... ., .... 
Alanine 0.98 4.77 2.89- 6.86 18 
Arginine 1.23 6.01 3.96-7.16 18 
Aspartic acid 1.84 9.09 5.51 - 10.27 18 
Cystine 0.21 1.04 0.27 -1.72 18 
Glutamic acid 3.57 17.85 6.35- 22.49 18 
Glycine 0.70 3.44 2.27 - 3.88 18 
Histidine 0.69 3.37 2.54 - 3.88 18 
lsoleucine 0.69 3.43 2.68- 3.95 18 
Leucine 1.41 6.90 4.80- 7.86 18 
Lysine 1.35 6.56 4.83- 7.46 18 
Methionine 0.20 0.99 0.40 - 1.38 18 
Phenylalanine 1.76 8.69 4.16-11.30 18 
Praline 0.78 3.79 2.19-4.44 18 
Serine 0.97 4.75 3.04- 5.61 18 
Threonine 0.71 3.48 2.19-4.01 18 
Tryptophan 0.15 0.74 1 
Tyrosine 0.50 2.48 1.41 -2.86 18 
Valine 0.83 4.08 2.91 - 4.59 18 
Cys + Met 0.42 2.12 0.85 - 2.90 18 




Mean Range Number 
Weight (mg) 164 130-218 135 ...... 
Dry matter 900.5 892.0- 917.0 167 
Protein 201.0 170.1 - 243.0 230 
Ash 26.0 22.9-31.5 44 
Fat 38.5 28.5- 48.0 120 
Fibre 98.0 70.7-130.1 35 
ADF 146.6 108.9 - 166.6 11 
NDF 251.4 167.0 - 302.0 10 
Lignin 12.0 8.0-17.0 4 
Calcium 1.8 1.2- 2.3 77 
Magnesium 1.4 1.2- 1.6 44 
Phosphorus 3.6 2.3-8.6 95 
Potassium 8.2 2.3 - 10.2 91 
Sodium 0.1 < 0.1 - 0.3 37 
- 
Sulphur 1.8 1.6- 2.2 84 . . 
Copper 6.6 3.1 -11.6 32 
Iron 50.3 34.7 -120.0 32 
Manganese 34.1 17.8- 49.0 44 
Molybdenum 0.9 0.3-1.3 20 
Zinc 31.0 22.0- 42.1 44 
......i•L•TJ;\•- 
Cobalt 180 110-350 8 
Selenium 29 5-100 14 
Oligosaccharides* % 1.65 1.20- 2.50 72 
Phytate % 0.66 0.37 -1.13 63 
Tannins (Total) % 0.52 0.36- 0.72 52 
Tannins (Cond) % 0.04 0.01 -0.09 46 
TIA mg/g 3.95 1.16-6.73 109 
CTIA mg/g 7.72 3.71-13.19 58 
• Sum of raffinose, stachyose and verbascose. 
GE MJ/kg 17.0 16.8-17.1 4 




Mean Range Number 
Alanine 0.81 4.01 3.01 -4.55 30 
Arginine 2.03 9.92 8.35-12.30 30 
Aspartic acid 2.23 11.10 9.26-11.90 30 
Cystine 0.31 1.56 1.19-1.93 31 
Glutamic acid 3.26 16.39 12.94-17.76 30 
Glycine 0.76 3.74 2.95- 4.15 30 
Histidine 0.54 2.68 2.16- 3.26 31 
lsoleucine 0.82 4.01 3.64 - 4.73 31 
Leucine 1.47 7.33 6.08- 7.89 31 
Lysine 1.33 6.59 5.17-7.26 31 
Methionine 0.28 1.34 0.86- 1.63 31 
Phenylalanine 1.12 5.51 4.69-6.03 31 
Proline 0.80 4.01 2.82-4.70 30 
Serine 1.07 5.33 3.88-5.87 31 
Threonine 0.74 3.68 3.05-4.51 31 
Tryptophan 0.20 0.87 0.39 - 1.21 8 
Tyrosine 0.54 2.70 1.90-3.05 30 
Valine 0.86 4.19 3.84-5.06 31 
Cys + Met 0.59 2.90 2.34- 3.65 31 
Tyr + Phe 1.67 8.24 6.65- 9.01 30 
Myristic C 14:0 0.20 
Palmitic C 16:0 10.44 9.10-11.50 5 
Stearic C 18:0 0.92 0.30 - 1.40 5 
Vaccenic C 18:1(7) 1.28 1.20-1.40 4 
Elaidic C 18:1(9)1 1.00 1 
Oleic C 18:1(9)c 20.46 17.60 - 23.30 5 
Linoleic C 18:2 57.61 45.95 - 61.50 12 
Linolenic C 18:3 3.84 3.50-4.80 5 
Arachidic C 20:0 0.70 0.60- 0.80 5 
Eicosenoic C 20:1 0.52 0.50- 0.60 5 
Behenic C 22:0 0.54 0.40- 0.80 5 




Mean Range Number 
Weight (mg) 397 309- 520 72 
'""' 
Dry matter 909.0 894.0 - 923.0 54 
Protein 215.1 181.3-257.4 73 
Ash 26.6 22.7 - 30.2 20 
Fat 49.6 40.3-58.0 41 
Fibre 29.3 11.7-38.5 20 
ADF 54.6 32.8 - 74.7 8 
NDF 119.4 51.6- 160.0 7 
Lignin 10.4 5.0 - 16.0 5 
Calcium 1.1 0.4- 1.6 24 
Magnesium 1.2 0.1 -1.7 18 
Phosphorus 3.8 2.4- 9.3 27 
Potassium 8.9 2.2 - 11.1 25 
Sodium 0.1 < 0.1 - 0.3 17 
Sulphur 1.8 1.6- 2.0 23 
-·.rJ:o- 
Copper 6.2 2.7 - 14.2 14 
Iron 56.7 32.0- 124.5 14 
Manganese 22.5 0.9-37.3 18 
Molybdenum 1.0 0.7-1.3 9 
Zinc 32.2 21.3- 39.2 18 
-IIIIJI- 
Cobalt 186 60- 410 5 
Selenium 42 5-100 7 
Oligosaccharides* % 2.08 1.70 - 2.80 34 
Phytate % 0.70 0.39-0.99 13 
Tannins (Total) % 0.27 0.16-0.46 37 
Tannins (Cond) % O.D1 < O.D1 -0.04 36 
TIA mg/g 2.96 1.39- 4.90 45 
CTIA mg/g 6.39 3.00- 10.74 16 
• Sum of raffinose, stachyose and verbascose. 
GE MJ/kg 17.3 1 




Mean Range Number 
.. i• ., ..... 
Alanine 0.88 3.91 3.17-4.32 21 
Arginine 2.33 10.39 8.11 -12.10 21 
Aspartic acid 2.41 10.84 8.86-11.77 21 
Cystine 0.33 1.39 0.70-1.77 22 
Glutamic acid 3.60 16.23 13.14-17.60 21 
Glycine 0.82 3.63 2.91 - 4.01 21 
Histidine 0.63 2.76 2.38- 3.31 22 
lsoleucine 0.90 3.95 3.62- 4.46 22 
Leucine 1.61 7.16 6.05- 7.67 22 
Lysine 1.39 6.28 4.85-6.93 22 
Methionine 0.30 1.31 0.65- 1.59 22 
Phenylalanine 1.27 5.68 4.73 - 6.24 22 
Praline 0.89 3.89 2.88-4.44 21 
Serine 1.16 5.11 3.99 - 5.78 22 
Threonine 0.80 3.53 3.00-3.79 22 
Tryptophan 0.18 0.64 0.31-0.76 6 
Tyrosine 0.62 2.72 2.04-3.02 21 
Valine 0.96 4.15 3.84-4.38 22 
Cys + Met 0.63 2.71 1.20- 3.26 22 
Tyr + Phe 1.90 8.40 6.77-9.07 21 . 
Myristic C 14:0 0.13 0.10-0.20 8 
Palmitic C 16:0 9.01 7.90-10.10 9 
Palmitoleic C 16:1 0.20 0.20-0.20 1 
Stearic C 18:0 1.59 0.10-5.30 9 
Vaccenic C 18:1(7) 1.05 0.70 - 1.30 9 
Elaidic C 18:1(9)t 0.85 0.70 - 1.00 2 
Oleic C 18:1(9)c 27.26 18.60 - 32.00 9 
Linoleic C 18:2 52.88 48.15-56.25 11 
Linolenic C 18:3 2.79 2.40-3.30 9 
Arachidic C 20:0 0.80 0.70 - 0.90 6 
Eicosenoic C 20:1 0.55 0.50-0.70 4 
Behenic C 22:0 0.53 0.50-0.60 3 




Mean Range Number 
""' 
Dry matter 893.3 875.0- 912.0 5 
Protein 227.2 217.0-241.0 11 
Ash 39.3 38.5- 40.1 2 
Fat 14.0 10.5 - 16.0 3 
Fibre 91.0 1 
Calcium 0.8 0.6 - 1.4 5 
Magnesium 1.9 1.7 - 2.0 3 
Phosphorus 10.2 4.9 - 14.0 5 
Potassium 3.8 3.5-4.3 3 
Sodium < 0.1 <0.1-<0.1 3 
Sulphur 1.7 1.6-1.8 3 
1 ,urr,, 
Copper 10.0 8.1-12.0 3 
Iron 50.3 49.0-52.0 3 
Manganese 27.3 23.0-31.0 3 
Zinc 29.7 27.0-31.0 3 
Oligosaccharides* % 4.00 3.90-4.10 2 
Phytate % 1.27 1.12-1.41 2 
Tannins (Total) % 0.37 0.36-0.38 2 
Tannins (Cond) % 0.01 0.01 - O.Q1 2 
TIA mg/g 8.00 6.40- 11.60 8 
• Sum of raffinose, stachyose and verbascose. 
GE MJ/kg 16.9 16.3- 17.5 2 
DE Pigs MJ/kg 14.0 1 
- ... . .. 
Alanine 1.10 4.58 4.31 - 5.03 4 
Arginine 1.60 7.25 6.81 - 7.60 4 
Aspartic acid 2.87 12. 13 11.48- 12.62 4 
Cystine 0.24 1.02 0.92- 1.09 4 
Glutamic acid 4.19 17.99 16.96- 18.60 4 
Glycine 1.07 4.42 4.15-4.85 4 
Histidine 0.67 2.91 2.83-2.97 4 
lsoleucine 1.06 4.38 4.12-4.66 4 
Leucine 2.09 8.95 8.59- 9.19 4 
Lysine 1.46 6.59 6.23- 7.06 4 
Methionine 0.15 0.73 0.64- 0.92 4 
Phenylalanine 1.24 5.54 5.28- 5.80 4 
Pro line 1.09 4.51 4.15-5.15 4 
Serine 1.36 6.05 5.69- 6.26 4 
Threonine 0.94 4.04 3.78- 4.39 4 
Tryptophan 0.17 0.71 0.71 - 0.71 1 
Tyrosine 0.90 3.76 3.49- 4.02 4 
Valine 1.26 5.13 4.75 - 5.76 4 
Cys + Met 0.39 1.75 1.64 - 2.01 4 




CONTINUED NEXT PAGE 
Mean Range Number 
Weight (mg) 45 26- 70 34 
Dry matter 902.3 897.0 - 906.0 17 
Protein 239.7 197.6- 280.0 853 
Ash 22.2 10.0- 34.1 11 
Fat 8.5 2.7 - 12.6 19 
Fibre 43.8 28.7 - 60.2 11 
ADF 59.5 39.5- 70.1 7 
NDF 179.5 135.0 - 226.4 9 
Lignin 11.3 10.0 - 13.0 3 
Calcium 0.6 0.1 -0.8 11 
Magnesium 0.9 0.7 - 0.9 11 
Phosphorus 3.2 2.4- 3.8 10 
Potassium 8.3 7.2-9.2 11 
Sodium < 0.1 < 0.1 -0.2 11 
Sulphur 1.6 1.4-1.7 3 
Copper 6.8 4.1 -8.0 10 
Iron 654.8 43.0 - 3413.5 11 
Manganese 15.5 12.0-19.0 9 
Molybdenum 1.8 0.5-2.8 3 
Zinc 33.2 25.7 - 42.2 11 
WW/WW 
Cobalt 207 70-320 3 
Selenium 43 9-170 10 
Oligosaccharides* % 2.45 2.00-3.10 17 
Phytate % 0.52 0.30-0.69 9 
Tannins (Total) % 0.77 0.55-0.98 16 
Tannins (Cond) % 0.33 0.06- 0.63 9 
TIA mg/g 0.59 0.18 - 1.18 17 
Lectins dilut 24 n.d. -64 7 




Mean Range Number 
. . ·- . .. 
Alanine 0.85 3.38 2.61 - 4.07 12 
-- -- 
Arginine 1.70 6.68 4.42 - 9.01 12 
Aspartic acid 2.31 9.18 6.28- 11.13 12 
-- 
Cystine 0.35 1.41 1.37 - 1.49 3 
Glutamic acid 3.46 13.75 9.49 - 16.04 12 
Glycine 0.85 3.34 3.05-3.75 12 
Histidine 0.46 1.83 1.29- 2.38 12 
lsoleucine 0.88 3.51 3.17 -3.99 12 -- - 
Leucine 1.42 5.60 4.72-6.83 12 
Lysine 1.37 5.43 4.13 - 6.49 12 
Methionine 0.11 0.42 0.14- 0.75 12 
- 
Phenylalanine 0.91 3.60 3.19 - 4.58 12 
Praline 1.04 4.13 3.91 - 4.48 3 
Serine 0.73 2.89 1.72-4.70 12 
Threonine 0.82 3.23 1.96- 4.83 12 -- 
Tyrosine 0.57 2.28 1.92- 2.63 12 
Valine 1.00 3.99 2.86-4.63 12 
Cys + Met 0.53 2.13 2.01 - 2.25 3 
Tyr + Phe 1.50 5.87 5.12-6.91 12 .,- 
Myristic C 14:0 0.60 0.60-0.60 2 
Palmitic C 16:0 13.20 12.70-13.70 3 
Stearic C 18:0 1.95 1.80- 2.10 2 
Vaccenic C 18:1(7) 0.77 0.50- 1.00 3 
Oleic C 18:1(9)c 25.37 22.70- 28.00 3 
Linoleic C 18:2 47.52 41.90-57.14 10 
Linolenic C 18:3 12.30 11.60- 12.70 3 
Eicosenoic C 20:1 1.25 1.20-1.30 2 




CONTINUED NEXT PAG 
Mean Range Number 
Weight (mg) 342 314 - 381 27 
Dry matter 914.2 902.0 - 924.0 110 
Protein 357.6 290.9 - 403.0 184 
Ash 32.8 28.2- 42.0 72 
Fat 94.0 75.7-118.0 96 
Fibre 105.7 86.8-130.0 62 
ADF 146.3 123.0-212.0 60 
NDF 176.3 143.7-231.0 63 
Lignin 7.0 3.6-18.0 51 
Calcium 2.0 1.2- 2.5 78 
Magnesium 1.3 0.9-1.6 20 
Phosphorus 3.6 2.5-9.0 87 
Potassium 8.8 2.8 - 11.1 36 
Sodium 0.3 <0.1-1.1 18 
Sulphur 2.5 2.1 - 2.7 34 
Copper 5.1 3.1 - 8.1 65 
Iron 27.1 21.0-44.0 64 
Manganese 895.7 23.0 - 3772.0 102 
Molybdenum 2.1 0.8-3.1 9 
Zinc 30.1 22.0-38.0 65 
Cobalt 206 10 - 430 9 
Selenium 85 20-360 46 
Alkaloids % 0.01 < 0.01 - 0.02 96 
Oligosaccharides* % 6.56 5.20- 7.80 17 
Phytate % 0.57 0.38 - 0.86 16 
Saponins mg/kg n.d. 4 
Tannins (Total} % 0.40 0.23- 0.47 13 
Tannins (Cond} % 0.02 O.D1 - 0.05 14 
TIA mg/g 0.08 0.05 - 0.10 9 
Lectins dilut n.d. 8 
• Sum of raffinose, stachyose and verbascose. 
GE MJ/kg 18.7 17.9 - 19.6 3 
ME Sheep MJ/kg 12.5 12.4-12.6 2 
DE Pigs MJ/kg 16.0 14.0- 18.0 4 
AME Poultry MJ/kg 13.2 




Mean Range Number .... _,,_..,n.·- 
Alanine 1.07 2.91 2.53- 3.59 44 
-- -- --- 
Arginine 4.50 12.22 10.00 - 13.80 45 
Aspartic acid 3.28 8.97 8.16-10.17 44 -- - 
Cystine 0.49 1.34 1.12 - 1.85 47 
Glutamic acid 6.71 18.24 16.55 - 21.07 44 
Glycine 1.31 3.56 3.23-4.06 44 -- 
Histidine 0.68 1.86 1.62- 2.37 48 
lsoleucine 1.40 3.80 3.49-4.56 48 
Leu cine 2.30 6.31 5.70- 7.37 48 
Lysine 1.58 4.32 3.90-4.78 48 
Methionine 0.24 0.66 0.53- 0.83 48 
-- 
Phenylalanine 1.24 3.38 3.07 - 3.80 48 
Praline 1.37 3.98 3.76-4.74 11 
--- --- 
Serine 1.68 4.56 4.16- 5.42 44 
Threonine 1.20 3.29 2.99- 3.99 48 
Tryptophan 0.36 0.96 0.68-1.08 34 
Tyrosine 1.46 4.26 3.38-4.94 14 
Valine 1.34 3.66 3.18-4.09 48 
Cys + Met 0.74 2.01 1.73 - 2.48 47 
--- 
Tyr + Phe 2.76 8.08 6.99-9.67 14 . 
Myristic C 14:0 0.10 n.d. - 0.20 3 
-- 
Palmitic C 16:0 7.76 6.60-8.70 12 
Palmitoleic C 16:1 0.35 0.20- 0.50 7 
Stearic C 18:0 1.56 0.10- 2.40 12 
Vaccenic C 18:1(7) 2.10 1.70 - 2.50 6 
Elaidic C 18:1(9)t 1.00 1.00-1.00 1 
Oleic C 18:1(9)c 49.85 45.50 - 53.00 12 
Linoleic C 18:2 17.20 12.98 - 25.00 60 
Linolenic C 18:3 9.45 7.20 - 12.20 12 
Arachidic C 20:0 1.18 0.80 - 1.40 9 
Eicosenoic C 20:1 4.34 4.10-4.70 6 
Arachidonic C 20:4 0.40 n.d. -0.80 3 
Behenic C 22:0 3.88 2.80-4.80 9 
Erucic C 22:1 1.93 1.30- 2.60 9 




Mean Range Number 
Weight (mg) 144 114-218 1045 ....  
Dry matter 910.8 896.0 - 930.0 908 
Protein 320.1 271.9 - 372.3 3782 
Ash 27.1 22.9-32.0 180 
Fat 59.0 49.4-69.7 1023 
Fibre 153.5 117.2-237.0 180 
ADF 196.5 160.2 - 236.0 190 
NDF 235.3 195.0 - 288.0 183 
Lignin 8.6 3.6 - 19.0 111 
Calcium 2.2 1.5-2.9 623 
Magnesium 1.6 1.1 - 2.0 524 
Phosphorus 3.0 2.1 -4.3 846 
Potassium 8.0 6.6-9.1 614 
Sodium 0.4 0.3-1.1 422 
Sulphur 2.3 1.5-2.9 611 
111,u: • 
Copper 4.7 2.5-6.8 547 
Iron 68.5 31.0-150.0 535 
Manganese 19.0 6.7 - 76.0 584 
Molybdenum 1.6 0.7 - 2.9 41 
Zinc 34.1 24.7 - 45.0 551 
1 11, •• ,. 
Cobalt 78 10 - 260 56 
Selenium 89 18- 240 138 
Alkaloids % 0.02 < 0.01 - 0.04 1316 
Oligosaccharides* % 4.07 2.90- 5.20 202 
Phytate % 0.50 0.32- 0.84 254 
Saponins mg/kg 573 442 - 740 11 
Tannins (Total) % 0.29 0.19-0.51 208 
Tannins (Cond) % O.Q1 n.d. - 0.11 236 
TIA mg/g 0.12 0.05- 0.24 148 
CTIA mg/g 0.08 n.d. - 0.59 8 
Lectins dilut n.d. 28 
• Sum of raffinose, stachyose and verbascose. 
GE MJ/kg 18.4 17.9-18.6 7 
DE Pigs MJ/kg 14.6 12.0-17.0 9 
ME Cattle MJ/kg 12.0 2 
ME Sheep MJ/kg 12.2 10.0 - 13.0 10 
AME Poultry MJ/kg 10.4 10.0 - 10.7 2 
·"' .••••• ,.;;ii,., .• • •IM:::11 
Australian sweet lupin 
Lupinus angustif olius 
37 
Mean Range Number 
···- . .. 
Alanine 1.04 3.40 2.88- 3.71 112 
Arginine 3.59 11.62 10.60 - 12.90 116 
Aspartic acid 2.99 9.73 8.62- 10.35 112 
Cystine 0.42 1.36 0.98- 1.66 113 
Glutamic acid 6.63 21.59 19.30- 22.94 112 
Glycine 1.29 4.16 3.65- 4.48 112 
Histidine 0.79 2.57 2.12- 2.86 118 
lsoleucine 1.22 3.91 3.57 - 4.41 118 
Leucine 2.12 6.90 5.91 - 7.40 118 
Lysine 1.46 4.75 4.22- 5.19 118 
Methionine 0.20 0.66 0.49- 0.82 113 
Phenylalanine 1.18 3.85 3.17-4.17 113 
Proline 1.26 4.08 3.15-4.77 86 
Serine 1.59 5.19 4.36- 5.72 112 
Threonine 1.09 3.54 3.00-3.82 118 
Tryptophan 0.31 1.00 0.56 - 1.16 17 
Tyrosine 1.13 3.66 3.17 - 4.01 86 
Valine 1.17 3.78 3.17 - 4.23 118 
Cys+Met 0.62 2.01 1.50 - 2.45 113 
Tyr+Phe 2.33 7.55 6.33-8.07 86 
. ""' 
Myristic C 14:0 0.15 n.d. -0.30 13 
Palmitic C 16:0 10.98 9.80 - 12.60 65 
Palmitoleic C 16:1 0.11 n.d. -0.20 13 
Stearic C 18:0 3.75 0.50- 7.50 64 
Vaccenic C 18:1(7) 0.71 0.60- 0.80 23 
Elaidic C 18:1(9)1 3.97 0.90-5.20 22 
Oleic C 18:1(9)c 33.50 30.70-38.10 65 
Linoleic C 18:2 37.10 31.34 - 47.10 174 
Linolenic C 18:3 5.29 3.10- 7.20 65 
Arachidic C 20:0 0.90 0.60-1.10 45 
Eicosenoic C 20:1 0.29 0.20-0.30 21 
Gadoleic C20:1(11) 0.30 0.30-0.30 3 
Eicosadienoic C 20:2 0.40 0.40-0.40 3 
Eicosatrienoic C 20:3 0.16 0.16-0.16 3 
Arachidonic C 20:4 O.Q1 n.d. - 0.10 10 
Behenic C 22:0 1.90 1.10- 2.30 45 
Erucic C 22:1 < 0.01 n.d. - O.Q1 9 
Lignoceric C 24:0 0.39 n.d. -0.60 42 
Sterols 2.20 2.20- 2.20 2 
Australian sweet lupin 
Lupinus angustif olius 
38 
Mean Range Number 
Weight (mg) 293 223-376 17 
M·@W 
Dry matter 907.0 902.0 - 913.0 12 
Protein 278.8 240.0 - 306.3 12 
Ash 25.7 23.0-27.0 12 
Fat 32.0 13.0- 46.0 12 
Fibre 192.0 170.0- 212.0 12 
ADF 236.8 203.0 - 283.0 12 
NDF 303.6 264.0 - 343.0 12 
Lignin 8.9 2.0 - 15.0 12 
Calcium 1.8 1.6- 2.0 12 
Magnesium 1.9 1.7-2.0 12 
Phosphorus 2.5 2.2- 2.9 12 
Potassium 7.7 7.3- 8.4 12 
Sodium 0.2 0.1 -0.2 11 
Sulphur 2.7 2.5- 3.0 12 
Copper 4.6 3.3- 6.1 12 
Iron 46.9 30.0- 63.0 12 
Manganese 53.1 30.0-99.0 12 
Molybdenum 1.2 0.6- 2.5 12 
Zinc 34.7 29.0-39.0 12 
Cobalt 30 10-80 12 
Selenium 29 10-60 11 
Alkaloids % 0.36 0.26-0.45 12 
Oligosaccharides* % 3.18 2.60-3.80 12 
Phytate % 0.54 0.42-0.62 10 
Tannins (Total) % 0.29 0.25-0.32 9 
Tannins (Cond) % 0.16 0.08-0.24 12 
TIA mg/g 0.26 0.10-0.40 11 




Mean Range Number 
Alanine 0.94 3.46 3.29-3.69 12 
Arginine 3.06 11.23 10.00 - 12.20 12 
Aspartic acid 2.41 8.88 8.43- 9.56 12 
Cystine 0.44 1.61 1.20-1.90 12 
Glutamic acid 6.08 22.26 21.52 - 23.29 12 
Glycine 0.88 3.23 2.97 - 3.44 12 
Histidine 0.67 2.46 2.35- 2.57 12 
lsoleucine 0.95 3.48 3.35-3.62 12 
Leucine 1.79 6.55 6.27 - 6.83 12 
Lysine 1.22 4.46 4.22- 4.79 12 
Methionine 0.18 0.65 0.60 - 0.71 12 
Phenylalanine 0.97 3.57 3.43- 3.83 12 
Pro line 1.07 3.91 3.32- 4.43 12 
Serine 1.33 4.87 4.59-5.20 12 
Threonine 0.88 3.23 3.05-3.38 12 
Tyrosine 0.83 3.04 2.89 - 3.19 12 
Valine 0.84 3.09 2.86- 3.31 12 
Cys + Met 0.62 2.26 1.83- 2.57 12 
Tyr + Phe 1.80 6.61 6.32-6.88 12 
Myristic C 14:0 0.20 0.20-0.20 2 
Palmitic C 16:0 12.14 10.60-13.10 11 
Palmitoleic C 16:1 0.35 0.30- 0.40 2 
Stearic C 18:0 2.60 0.10-5.10 11 
Vaccenic C 18:1(7) 1.44 1.20-1.60 11 
Elaidic C 18:1(9)1 2.78 1.90 - 3.40 5 
Oleic C 18:1(9)c 36.02 31.60 - 40.10 11 
Linoleic C 18:2 32.98 25.40 - 38.60 11 
Linolenic C 18:3 2.97 2.30-3.50 11 
Arachidic C 20:0 1.19 1.00-1.30 11 
Eicosenoic C 20:1 0.70 0.60-0.80 10 
Behenic C 22:0 3.58 3.10- 4.20 11 
Erucic C 22:1 0.10 0.10-0.10 3 




Mean Range Number 
Weight (mg) 183 120- 227 3 .... 
Dry matter 924.3 900.0- 94.4 3 
Protein 320.7 230.7 - 378.9 17 
Ash 29.1 19.6 - 35.9 3 
Fat 34.2 27-41.6 3 
Fibre 201.1 151.3-242.7 3 
Calcium 1.7 0.7 - 3.5 5 
Magnesium 1.7 1.1 - 2.1 4 
Phosphorus 3.8 2.0-5.1 5 
Potassium 8.8 8.4-9.2 3 
Sulphur 3.1 2.0- 4.3 3 .... 
Cobalt < 0.1 2 
Copper 6.8 2.3-13.2 4 
Iron 110.4 43.4 - 217.4 4 
Manganese 100.3 8.2-326.0 4 
Molybdenum 5.6 0.6 - 10.7 2 
Sodium 500.0 420.0 - 580.0 2 
Zinc 39.7 24.5-52.0 4 
DE Pigs MJ/kg 13 3 
. . .. . . . 
Arginine 3.39 9.77 8.83 - 10.70 2 
Cystine 1.08 3.06 2.53-3.58 2 
lsoleucine 0.94 2.70 2.47 - 2.92 2 
Leucine 2.01 5.78 5.23-6.33 2 
Lysine 1.35 3.87 3.37 -4.36 2 
Methionine 0.23 0.64 0.52- 0.76 2 
Phenylalanine 1.06 3.05 2.70 - 3.39 2 
Threonine 0.94 2.70 2.38- 301 2 
Valine 0.82 2.34 2.03- 2.64 2 




CONTINUED NEXT PAGE 
Mean Range Number 
Weight (mg) 157 142 - 171 2 
Dry matter 915.0 910.0 - 918.0 65 
Protein 382.8 363.8 - 408.8 67 
Ash 34.8 32.0- 41.3 4 
Fat 56.4 52.0- 61.0 4 
Fibre 162.5 144.0- 205.5 5 
ADF 248.7 202.0 - 281.0 3 
NDF 343.0 284.0 - 383.0 3 
Lignin 7.3 7.0- 8.0 3 
Calcium 2.2 1.8- 2.6 4 
Magnesium 2.5 2.2-3.2 4 
Phosphorus 4.3 3.4- 6.0 4 
Potassium 9.3 8.8- 10.0 4 
Sodium < 0.1 <0.1-<0.1 4 
Sulphur 4.6 4.0-4.9 4 
Copper 8.3 5.9 - 12.0 4 
Iron 59.0 52.0- 70.0 4 
Manganese 35.3 25.0-50.0 4 
Zinc 53.0 39.0-82.0 4 
Alkaloids % 0.04 0.01-0.10 3 
Oligosaccharides* % 8.87 8.70-9.00 3 
Phytate % 0.93 0.81 - 1.00 3 
Tannins Total % 0.30 0.30-0.31 3 
Tannins Cond % 0.03 0.02-0.03 2 
TIA mg/g 0.16 0.11 - 0.29 4 
CTIA mg/g n.d. 




Mean Range Number .... . .. 
Alanine 1.21 3.13 3.04 - 3. 19 3 
Arginine 4.37 11.30 11.00 - 11.50 3 
Aspartic acid 3.87 9.97 9.83-10.19 3 
Cystine 0.88 2.28 2.26- 2.30 3 
Glutamic acid 9.27 23.91 23.34 - 24.38 3 
Glycine 1.53 3.94 3.88-3.98 3 
Histidine 1.05 2.70 2.67 - 2.72 3 
lsoleucine 1.42 3.66 3.59 - 3.72 3 
Leucine 3.06 7.89 7.81 - 7.95 3 
Lysine 2.07 5.35 5.23-5.47 3 
Methionine 0.27 0.70 0.69 - 0.71 3 
Phenylalanine 1.56 4.04 3.98- 4.09 3 
Pro line 1.42 3.65 3.46- 3.85 3 
Serine 2.12 5.46 5.37 - 5.53 3 
Threonine 1.36 3.51 3.46- 3.56 3 
Tyrosine 1.12 2.89 2.86- 2.91 3 
Valine 1.33 3.44 3.40 - 3.51 3 
Cys + Met 1. 15 2.98 2.95- 2.99 3 
Tyr + Phe 2.68 6.92 6.84- 6.99 3 
., .... 
Palmitic C 16:0 4.80 4.60-5.00 3 
Stearic C 18:0 2.50 2.20-2.80 3 
Vaccenic C 18:1(7) 0.70 0.70 - 0.70 3 
Oleic C 18:1(9)c 20.33 18. 10 - 21.60 3 
Linoleic C 18:2 47.30 46.80 - 47.70 3 
Linolenic C 18:3 8.00 7.50 - 8.70 3 
Arachidic C 20:0 2.63 2.40- 2.80 3 
Eicosenoic C 20:1 1.77 1.60- 2.00 3 
Eicosadienoic C 20:2 0.27 0.20-0.30 3 
Behenic C 22:0 7.13 5.90- 9.20 3 
Erucic C 22:1 0.77 0.70-0.90 3 




CONTINUED NEXT PAGE 
Mean Range Number 
Weight (mg) 456 325- 655 17 
Dry matter 906.6 900.0 - 914.0 12 
Protein 256.7 237.5 - 283.8 12 
--- 
Ash 22.9 22.0-24.0 12 
Fat 45.2 31.0-57.0 12 
Fibre 189.0 161.0- 215.0 12 
ADF 232.1 208.0 - 272.0 12 
NDF 295.9 256.0 - 338.0 12 
Lignin 8.0 2.0-16.0 12 
Calcium 1.8 1.5- 2.1 12 
Magnesium 1.7 1.4 - 1.8 12 
--- 
Phosphorus 2.3 2.0-2.6 12 
Potassium 6.6 6.1 - 6.9 12 
--- 
Sodium 0.03 0.02-0.04 12 
Sulphur 2.0 1.5- 2.7 12 
Copper 7.3 3.3- 22.0 12 
Iron 38.0 25.0- 61.0 12 
Manganese 53.3 28.0-87.0 12 
Molybdenum 1.4 0.7 - 2.8 12 
Zinc 32.4 24.0-38.0 12 
Cobalt 834 10- 4660 12 
Selenium 18 10-30 6 
Alkaloids % 0.64 0.56-0.73 12 
Oligosaccharides* % 2.93 2.10-4.20 11 
Phytate % 0.40 0.30- 0.45 7 
Tannins (Total) % 0.41 0.38- 0.45 4 
Tannins (Cond) % 0.44 0.32- 0.54 12 
TIA mg/g 0.38 0.05 - 1.10 11 
• Sum of raffinose, stachyose and verbascose. 
Lupinus pilosus 
44 
Mean Range Number ... . .. 
Alanine 0.86 3.41 3.17 -3.88 12 
Arginine 3.01 11.96 10.90 - 13.00 12 
Aspartic acid 2.33 9.19 8.49 - 10.19 12 
Cystine 0.33 1.33 1.06-1.59 12 
Glutamic acid 5.29 21.13 18.99 - 23.90 12 
Glycine 0.89 3.56 3.43- 3.86 12 
Histidine 0.61 2.44 2.24- 2.67 12 
lsoleucine 0.84 3.36 3.11 - 3.58 12 
Leucine 1.60 6.41 5.78 - 7.25 12 
Lysine 1.10 4.40 4.05-4.70 12 
Methionine 0.17 0.67 0.58-0.72 12 
· Phenylalanine 0.87 3.46 3.11 - 3.76 12 
Pro line 0.93 3.68 3.27 - 4.52 12 
Serine 1.22 4.86 4.44-5.30 12 
Threonine 0.85 3.39 3.24-3.61 12 
Tyrosine 0.76 3.00 2.75-3.27 12 
Valine 0.77 3.07 2.85-3.30 12 
Cyst+ Meth 0.50 2.01 1.70- 2.30 12 
Tyr + Phen 1.62 6.46 5.87 - 7.03 12 
. , ... 
Myristic C 14:0 0.28 0.20-0.40 4 
Palmitic C 16:0 14.42 11.80-19.70 9 
Palmitoleic C 16:1 0.20 0.20-0.20 1 
Stearic C 18:0 4.87 0.60- 7.70 9 
Vaccenic C 18:1(7) 1.24 0.80-1.60 8 
Elaidic C 18:1(9)t 4.60 4.60- 4.60 1 
Oleic C 18:1(9)c 35.94 24.80 - 43.20 9 
Linoleic C 18:2 24.71 4.10-32.70 9 
Linolenic C 18:3 1.51 0.50- 1.90 7 
Arachidic C 20:0 1.34 1.00- 2.00 9 
Eicosenoic C 20:1 0.85 0.70 - 1.00 8 
Behenic C 22:0 4.18 2.50- 7.50 9 
Erucic C 22:1 0.20 0.10 - 0.30 2 
Lignoceric C 24:0 1.36 0.80-2.80 9 
Lupinus pilosus 
45 
Mean Range Number 
Dry matter 903.0 













TIA mg/g 13.35 8.30- 18.40 2 




Mean Range Number 
Weight (mg) 266 187 -438 6 ..... 
Dry matter 898.9 875.0 - 909.0 34 
Protein 243.1 219.0 - 271.8 33 
Ash 37.9 32.0-45.5 21 
Fat 15.1 11.0 - 19.0 21 
Fibre 69.7 33.3-185.0 7 
ADF 52.0 50.0-54.0 2 
NDF 161.5 134.0 - 189.0 2 
Lignin 3.5 2.0-5.0 2 
Calcium 1.7 1.4-2.2 24 
Magnesium 1.5 1.4-1.6 4 
Phosphorus 4.5 3.4-5.4 26 
Potassium 13.5 12.8 - 15.0 10 
Sodium < 0.1 <0.1-<0.1 4 
Sulphur 2.1 1.9- 2.3 8 
Copper 8.3 7.2-9.1 4 
Iron 68.3 56.0-93.0 4 
Manganese 14.8 11.0-19.0 4 
Molybdenum 1.7 1.6-1.9 2 
Zinc 29.5 24.0-34.0 4 ---- Cobalt 275 220-330 2 
Selenium 5 5-5 2 
Oligosaccharides* % 3.23 2.60- 3.90 8 
Phytate % 1.20 1.12 - 1.27 2 
Tannins (Total) % 0.46 0.28- 0.64 2 
Tannins (Cond) % 0.49 0.03-0.94 2 
TIA mg/g 5.15 5.00- 5.30 2 
Lectins dilut 1300 500- 2000 5 
* Sum of raffinose, stachyose and verbascose. 
GE MJ/kg 16.4 10.6-17.0 23 
DE Pigs MJ/kg 14.4 13.0 - 15.0 6 




Mean Range Number 
·-·- ., ••••• ll- 
Alanine 1.02 4.18 3.93- 4.48 23 
Arginine 1.60 6.60 5.58- 7.10 23 
- 
Aspartic acid 2.98 12.30 11.48- 13.47 23 -- 
Cystine 0.20 0.83 0.67 - 0.94 22 
Glutamic acid 3.94 16.26 15.05 - 17.02 23 
Glycine 0.95 3.92 3.71 - 4.09 23 
Histidine 0.67 2.77 2.51 - 2.99 23 
lsoleucine 1.10 4.53 4.19-4.75 23 -- 
Leucine 2.02 8.33 7.90-8.68 23 
Lysine 1.66 6.85 6.09- 7.64 23 
-- 
Methionine 0.19 0.79 0.63- 1.04 23 
-- 
Phenylalanine 1.39 5.74 5.36-6.28 23 
Proline 0.90 3.69 3.41 - 4.42 23 
Serine 1.48 6.10 5.73- 6.43 23 
Threonine 1.06 4.39 4.08-4.69 23 
-- 
Tyrosine 0.85 3.48 3.11-3.79 23 
Valine 1.25 5.15 4.70 - 5.67 23 
Cys + Met 0.39 1.61 1.35-1.91 22 
Tyr + Phe 2.24 9.24 8.47 -10.10 23 .. ,- 
Palmitic C 16:0 9.50 9.20-9.80 2 
-- 
Stearic C 18:0 0.50 0.40-0.60 2 --- -- - 
Vaccenic C 18:1(7) 1.70 1.40 - 2.00 2 
Oleic C 18:1(9)c 13.80 7.40- 20.20 2 
-- 
Linoleic C 18:2 41.00 26.00 - 56.00 2 
--- 
Linolenic C 18:3 28.85 9.50-48.20 2 
Arachidic C 20:0 0.60 0.60-0.60 2 -- 
Eicosenoic C 20:1 0.35 0.20-0.50 2 
Behenic C 22:0 0.90 0.50-1.30 2 -- -- -- --- 




Mean Range Number 
Weight (mg) 489 147 - 732 5 ..... 
Dry matter 892.8 886.0 - 899.0 7 
Protein 245.2 215.6 - 259.4 7 
Ash 35.3 34.0-37.0 4 
Fat 10.2 8.0-12.0 7 
ADF 51.3 47.0- 60.0 4 
NDF 134.8 105.0 - 166.0 4 
Lignin 2.8 1.0-4.0 4 
Calcium 1.3 1.0- 2.2 5 
Magnesium 1.5 1.4 - 1.5 4 
Phosphorus 4.2 4.1 -4.5 7 
Potassium 12.9 12.2 - 13.8 7 
Sodium < 0.1 < 0.1 - < 0.1 4 
Sulphur 1.9 1.7 - 2.1 7 
""" 
Copper 8.1 7.8-8.4 4 
Iron 69.0 56.0-91.0 4 
Manganese 17.3 15.0 - 20.0 4 
Molybdenum 1.9 1.3- 2.3 4 
Zinc 33.5 30.0-39.0 4 
'"•" 
Cobalt 280 170-450 4 
Selenium 6 5-10 4 
Oligosaccharides* % 3.05 2.30-3.50 7 
Phytate % 1.31 1.22-1.41 4 
Tannins % 0.58 0.32-0.70 4 
Tannins Co % 0.46 0.02-0.92 4 
TIA mg/g 5.55 4.00- 7.40 4 
• Sum of raffinose, stachyose and verbascose. 
lbiffiil 
Myristic C 14:0 0.20 0.20-0.20 1 
Palmitic C 16:0 11.50 9.60-14.20 4 
Palmitoleic C 16:1 0.23 0.20-0.30 3 
Stearic C 18:0 1.20 0.30- 2.90 4 
Vaccenic C 18:1(7) 2.05 1.50-2.70 4 
Oleic C 18:1(9)c 12.75 8.80-17.10 4 
Linoleic C 182 26.53 24.50 - 28.50 4 
Linolenic C 18:3 40.63 32.20 - 48.50 4 
Arachidic C 20:0 0.63 0.50 - 0.70 4 
Behenic C 22:0 1.30 0.90-1.70 4 
Eicosenoic C 20:1 0.25 0.20-0.30 2 




CONTINUED NEXT PAGE 
Mean Range Number 
Weight (mg) 191 156- 252 415 
Dry matter 902.5 889.0 - 918.0 409 
Protein 231.6 193.4 - 273.0 3788 -- 
Ash 24.9 21.0-33.1 78 
Fat 11.2 7.3- 23.6 141 
Fibre 59.4 45.3- 79.0 121 
ADF 93.3 76.0- 176.0 24 
NDF 132.6 71.0- 245.0 49 
Lignin 5.3 0.5- 10.0 24 
Calcium 0.7 0.5-1.1 151 
Magnesium 1.2 1.0-1.5 60 
Phosphorus 4.0 2.6-8.5 156 
Potassium 8.2 2.0 - 11.0 99 
Sodium < 0.1 <0.1-0.10 49 
Sulphur 2.0 1.6- 2.2 309 
Copper 5.6 3.8- 7.8 57 
Iron 53.1 35.0- 90.0 44 
Manganese 16.3 8.1 - 56.0 88 
Molybdenum 0.8 0.2-1.4 29 
Zinc 30.1 17.0- 46.0 66 
Cobalt 133 10- 330 21 
Selenium 56 5-180 36 
Oligosaccharides* % 3.53 2.40- 5.80 81 
Phytate % 0.59 0.22- 0.99 110 
Tannins (Total) % 0.37 < 0.01 -1.02 117 
Tannins (Cond) % 0.02 <0.01-1.10 444 
TIA mg/g 1.29 0.40- 2.10 288 
CTIA mg/g 1.60 0.86- 2.64 10 
Lectins dilut 4.00 4.00-4.00 5 
' Sum of raffinose, stachyose and verbascose. 
GE MJ/kg 16.8 16.4-17.1 35 
DE Pigs MJ/kg 14.5 12.0-17.0 10 
ME Sheep MJ/kg 12.0 2 




Mean Range Number 
• h ....... ·- ., .... 
Alanine 0.97 4.03 2.81 - 4.61 178 
Arginine 2.35 10.05 6.51 -12.30 180 
Aspartic acid 2.46 10.33 7.30-12.30 178 
Cystine 0.34 1.48 1.08-1.93 126 
Glutamic acid 3.85 16.10 11.04- 19.99 178 
Glycine 0.97 4.14 3.17 - 4.83 178 
Histidine 0.59 2.40 1.38- 2.88 154 
lsoleucine 0.93 3.86 2.85-4.77 181 
Leucine 1.56 6.64 5.05- 7.79 181 
Lysine 1.61 6.87 4.28- 8.27 185 
Methionine 0.19 0.85 0.35-1.19 184 
Phenylalanine 0.99 4.24 2.90- 5.18 153 
Proline 0.97 4.08 3.47 - 4.73 69 
Serine 1.03 4.29 2.08-5.27 179 
Threonine 0.79 3.44 1.90-4.13 181 
Tryptophan 0.18 0.78 0.56-0.93 8 
Tyrosine 0.73 2.94 1.99-4.10 97 
Valine 1.02 4.29 2.88 - 5.41 181 
Cys + Met 0.57 2.46 1.93- 3.09 126 
Tyr + Phe 1.70 7.07 4.89-9.20 97 . 
Myristic C 14:0 0.33 0.30- 0.40 10 
Palmitic C 16:0 12.48 10.20 - 15.00 11 
Stearic C 18:0 1.17 0.70- 4.00 11 
Vaccenic C 18:1(7) 0.40 0.30- 0.50 11 
Elaidic C 18:1(9)t 2.56 2.20- 2.80 9 
Oleic C 18:1(9)c 25.12 20.20 - 29.70 11 
Linoleic C 18:2 42.27 25.00 - 52.20 16 
Linolenic C 18:3 9.68 7.90-11.80 11 
Arachidic C 20:0 0.66 0.60-0.70 11 
Eicosenoic C 20:1 0.48 0.40-0.60 11 
Behenic C 22:0 0.30 0.30-0.30 1 
Erucic C 22:1 0.24 0.20-0.30 5 




Mean Range Number 
...... 
Dry matter 908.0 908.0 - 908.0 2 
Protein 286.2 277.8 - 295.9 7 
Ash 31.0 31.0-31.0 2 
Fat 6.4 6.4-6.4 2 
Fibre 88.1 70.4- 105.7 2 
Calcium 1.0 1 
Phosphorus 5.4 1 
Oligosaccharides* % 4.70 1 
TIA mg/g 0.10 1 
CTIA mg/g n.d. 1 
• Sum of raHinose, stachyose and verbascose. 
hl,(144·1 wwaww 
Cystine 0.25 0.97 0.97 -0.97 1 
Histidine 0.69 2.37 2.37-2.37 1 
lsoleucine 1.22 4.13 4.13-4.13 1 
Leu cine 1.89 6.72 6.72 - 6.72 1 
Lysine 1.64 5.93 5.93-5.93 1 
Methionine 0.30 0.86 0.86-0.86 1 
Phenylalanine 1.14 4.24 4.24-4.24 1 
Serine 1.38 4.67 4.67-4.67 1 
Threonine 1.08 3.67 3.67 - 3.67 1 
Valine 1.41 4.89 4.89-4.89 1 




Mean Range Number 
Weight (mg) 42 35-51 41 
Dry matter 897.3 889.0 - 905.0 11 
Protein 218.0 189.4-271.0 13 
Ash 25.6 25.6- 25.6 2 
Fat 12.3 12.3 - 12.3 2 
Fibre 51.0 43.6- 58.3 2 
Calcium 0.9 
Phosphorus 3.5 
Sulphur 1.5 1.3-1.7 10 
TIA mg/g 2.25 
CTIA mg/g 2.95 
Alanine 0.88 4.22 4.05- 4.33 10 
Arginine 1.94 9.27 8.02-10.46 10 
Aspartic acid 2.38 11.36 11.09 - 11.61 10 
Cystine 0.24 1.13 0.94- 1.27 10 
Glutamic acid 3.78 18.07 17.21 - 18.59 10 
Glycine 0.89 4.28 4.13-4.44 10 
Histidine 0.59 2.80 2.73- 2.92 10 
lsoleucine 0.89 4.26 4.05- 4.45 10 
Leu cine 1.61 7.69 7.48- 7.90 10 
Lysine 1.62 7.76 7.63- 8.00 10 
Methionine 0.21 1.00 0.79 - 1.21 10 
Phenylalanine 1.07 5.09 4.72- 5.34 10 
Praline 0.87 4.14 3.59- 4.63 10 
Serine 1.03 4.92 4.12-5.30 10 
Threonine 0.79 3.76 3.56- 3.96 10 
Tyrosine 0.69 3.31 2.73- 3.64 10 




Units Mean Range Number 
Weight (mg) 590 390 - 1294 18 
...... 
Dry matter 896.8 885.0 - 906.0 73 
--- 
Protein 241.2 206.8 - 297.0 355 
--- 
Ash 27.0 22.3-30.9 17 
Fat 12.5 9.1 -16.0 48 
-- 
Fibre 84.1 62.3- 113.7 16 
ADF 98.7 71.6-114.7 5 
NDF 127.9 96.0- 232.0 16 
Calcium u 0.7 - 1.5 35 
Magnesium 1.0 0.9-U 9 
Phosphorus 3.8 2.6- 5.4 35 
Potassium 9.8 8.3- 11.0 22 
Sodium 0.1 0.1 - 0.2 9 
Sulphur 1.4 1.2- 1.5 17 
Mut·@W 
Copper 10.3 8.4 - 12.6 5 
Iron 95.6 39.7 - 169.0 5 
Manganese 29.5 10.8- 66.0 22 
Molybdenum 1.2 0.9- 1.7 4 
Zinc 27.6 16.0-32.3 10 
WW@M 
Selenium 42 9-100 19 
Oligosaccharides* % 2.71 2.20-3.20 22 
Tannins (Total) % 0.97 0.72- 1.14 23 
Tannins (Cond) % 0.22 0.10-0.33 28 
TIA mg/g 0.14 0.05-0.20 24 
CTIA mg/g 0.40 1 
Vicine mg/g 4.14 3.16-5.12 9 
Convicine mg/g 2.22 1.48 - 2.67 9 
• Sum of raffinose, stachyose and verbascose. 
GE MJ/kg 16.8 16.4 - 17.1 13 
DE Pigs MJ/kg 14.5 14.0- 15.0 2 
ME Cattle MJ/kg 12.0 1 
ME Sheep MJ/kg 11.5 11.3-11.7 4 




Mean Range Number 
Alanine 0.95 4.17 4.05- 4.26 6 
Arginine 2.18 9.46 8.40 - 10.40 17 
Aspartic acid 2.43 10.53 9.95 - 10.79 6 
Cystine 0.32 1.37 1.17 - 1.50 17 
Glutamic acid 3.68 16.03 15.01 - 16.47 6 
Glycine 0.97 4.20 4.04-4.27 6 
Histidine 0.59 2.54 2.19-2.91 17 
lsoleucine 0.88 3.80 2.58 - 4.12 17 
Leucine 1.68 7.27 6.53 - 7.74 17 
Lysine 1.46 6.29 5.96-6.90 17 
Methionine 0.18 0.78 0.69-0.94 17 
Phenylalanine 0.95 4.12 3.64- 4.51 17 
Praline 0.88 3.82 3.28- 4.18 6 
Serine 1.16 5.04 4.74-5.36 6 
Threonine 0.82 3.54 3.16-3.74 17 
Tryptophan 0.15 0.64 0.57 - 0.70 12 
Tyrosine 0.78 3.39 3.10- 3.73 17 
Valine 1.00 4.30 3.07 -4.70 17 
Cys + Met 0.50 2.14 1.96- 2.26 17 
Tyr + Phe 1.74 7.51 6.84-8.10 17 
Myristic C 14:0 0.47 0.40- 0.50 3 
Palmitic C 16:0 14.00 13.30- 14.90 4 
Stearic C 18:0 2.30 2.00-2.70 4 
Oleic C 18:1(9)c 21.05 18.90 - 23.00 4 
Linoleic C 18:2 44.99 33.33 - 51.00 8 
Linolenic C 18:3 4.70 4.40- 5.00 4 
Arachidic C 20:0 1.78 1.50- 2.10 4 
Eicosenoic C 20:1 0.73 0.60- 0.80 4 
Behenic C 22:0 0.88 0.70 - 1.20 4 




Mean Range Number 
.... 
Dry matter 894.0 874.8- 910.0 15 
Protein 242.4 195.1 - 280.0 74 
Ash 27.7 26.0-28.9 8 
Fat 7.6 4.6 - 11.4 8 
Fibre 115.3 95.9-131.8 6 
ADF 142.6 118.0-167.5 4 
NDF 287.6 210.0 - 333.1 3 
Calcium 1.4 1.3 - 1.5 2 
Magnesium 1.1 1.1 -1.1 2 
Phosphorus 4.4 3.9-5.1 43 
Potassium 9.9 9.1-10.8 43 
Sodium 0.1 0.1-0.2 2 
Sulphur 3.2 2.8-3.6 41 
l llflJ'.tf 
Copper 8.3 6.0- 10.0 43 
Iron 60.8 55.0- 68.0 43 
Manganese 18.3 17.8 - 18.7 2 
Zinc 39.1 31.2- 44.0 43 
1utrJ.tt 
Selenium 31 9-53 2 
Oligosaccharides* % 3.45 3.40- 3.50 2 
Tannins (Total) % 0.76 0.71 - 0.80 2 
TIA mg/g 0.20 0.20-0.20 2 
• Sum of raffinose, stachyose and verbascose. 
GE MJ/kg 16.2 16.2 - 16.2 1 
ME Poultry MJ/kg 12.0 1 
.. ·- 11!'.m!m 
Alanine 0.92 4.06 3.93-4.18 2 
Arginine 2.23 9.81 9.51 -10.10 2 
Aspartic acid 2.37 10.44 10.11-10.77 2 
Cystine 0.30 1.32 1.28-1.36 2 
Glutamic acid 4.03 17.76 17.19-18.32 2 
Glycine 0.89 3.93 3.80-4.05 2 
Histidine 0.61 2.69 2.60-2.77 2 
lsoleucine 1.06 4.67 4.52-4.82 2 
Leucine 1.66 7.32 7.08- 7.55 2 
Lysine 1.56 6.88 6.66- 7.09 2 
Methionine 0.21 0.93 0.90- 0.95 2 
Phenylalanine 1.05 4.63 4.48-4.77 2 
Praline 1.15 5.07 4.91 -5.23 2 
Serine 1.18 5.20 5.03-5.36 2 
Threonine 0.90 3.97 3.84-4.09 2 
Tryptophan 0.35 1.49 1.49 - 1.49 1 
Tyrosine 0.65 2.86 2.77 - 2.95 2 
Valine 1.20 5.29 5.12-5.45 2 
Cys + Met 0.51 2.25 2.18 - 2.32 2 
Tyr + Phe 1.70 7.49 7.25 - 7.73 2 . 




Mean Range Number 
Dry matter 897.7 890.0 - 912.0 15 
Protein 277.8 243.1 - 320.2 36 
Ash 24.9 22.4- 26.2 3 
Fat 8.6 5.4-11.0 5 
Fibre 51.0 43.9 - 58.7 4 




Oligosaccharides* % 3.45 2.40- 4.50 2 
Phytate % 0.66 1 
Tannins (Total) % 0.64 
Tannins (Cond) % 0.21 
TIA mg/g 2.40 
CTIA mg/g 2.25 
• Sum of raffinose, stachyose and verbascose. 
GE MJ/kg 18.7 
DE Sheep MJ/kg 16.0 16.0-16.0 2 
ME Sheep MJ/kg 12.0 
Mi,t144·1 - Cystine 0.29 1.04 
Histidine 0.69 2.48 
lsoleucine 1.19 4.28 
Leucine 2.07 7.44 
Lysine 1.71 6.15 
Methionine 0.25 0.90 
Phenylalanine 1.11 3.99 
Serine 1.39 5.00 
Threonine 0.99 3.56 
Valine 1.33 4.78 




Mean Range Number 
""" 
Dry matter 919.0 919.0- 919.0 2 
Protein 295.5 279.4 - 313.9 6 
Ash 32.0 32.0-32.0 2 
Fat 8.5 8.5- 8.5 2 
Fibre 69.1 58.9- 79.2 2 
Calcium 1.2 1 
Phosphorus 5.4 1 
Oligosaccharides* % 4.80 1 
TIA mg/g 0.20 1 
CTIA mg/g 0.10 1 
• Sum of raffinose, stachyose and verbascose. 
Wi,&144·1 NU 
Cystine 0.25 0.80 1 
Histidine 0.69 2.20 1 
lsoleucine 1.22 3.90 1 
Leucine 1.89 6.04 1 
Lysine 1.64 5.24 1 
Methionine 0.30 0.96 1 
Phenylalanine 1.14 3.64 1 
Serine 1.38 4.41 1 
Threonine 1.08 3.45 1 
Valine 1.41 4.50 1 
Cys + Met 0.55 1.76 1 
Woolly pod vetch 
Vicia villosa 
58 
Mean Range Number 
Weight (mg) 145 1 ...... 
Dry matter 890.3 884.0 - 895.0 3 
Protein 245.1 231.6 - 253.0 6 
Ash 35.8 30.9-45.5 3 
Fat 4.1 3.5-4.7 3 
Fibre 47.6 46.0-49.1 2 
ADF 65.0 65.0-65.0 1 
NDF 127.0 1 
Lignin 6.0 1 
Calcium 0.9 0.8-1.2 3 
Magnesium 1.4 1 
Phosphorus 4.2 3.8-4.9 3 
Potassium 12.2 1 
Sodium < 0.1 <0.1-<0.1 1 
Sulphur 1.9 1 
Copper 7.2 1 
Iron 44.0 1 
Manganese 18.0 1 
Molybdenum 3.6 1 
Zinc 28.0 1 
1 11,1:11 
Cobalt 220 1 
Selenium 5 1 
Oligosaccharides* % 3.40 1 
Phytate % 0.89 1 
Tannins (Total) % 1.04 1 
Tannins (Cond) % 0.60 1 
TIA mg/g 16.41 10.50 - 22.60 21 
CTIA mg/g 5.70 1 
' Sum of raffinose, stachyose and verbascose. 
GE MJ/kg 16.3 16.2 - 16.4 2 
DE Pigs MJ/kg 16.0 1 




Mean Range Number 
.. ·- ,, .... 
Alanine 1.01 4.22 4.08- 4.36 2 
Arginine 1.92 8.05 7.68- 8.41 2 
Aspartic acid 2.70 11.32 11.21 - 11.43 2 
Cystine 0.28 1.17 1.12 - 1.22 2 
Glutamic acid 3.96 16.59 16.49 - 16.69 2 
Glycine 0.92 3.86 3.84- 3.88 2 
Histidine 0.69 2.90 2.85- 2.94 2 
lsoleucine 1.00 4.17 4.10- 4.24 2 
Leu cine 1.92 8.03 7.85 - 8.20 2 
Lysine 1.88 7.86 7.76- 7.96 2 
Methionine . 0.35 1.44 1.25 - 1.63 2 
Phenylalanine 1.40 5.87 5.65- 6.08 2 
Praline 1.01 4.21 4.18- 4.24 2 
Serine 1.26 5.27 5.18-5.35 2 
Threonine 0.85 3.56 3.45-3.67 2 
Tyrosine 0.76 3.17 2.98-3.36 2 
Valine 1.22 5.10 5.09- 5.10 2 
Cys + Met 0.63 2.62 2.37 - 2.86 2 
Tyr + Phe 2.16 9.04 9.01 - 9.06 2 .,- 
Palmitic C 16:0 19.40 1 
Stearic C 18:0 4.50 1 
Vaccenic C 18:1(7) 2.40 1 
Oleic C 18:1(9)c 9.50 1 
Linoleic C 18:2 36.90 1 
Linolenic C 18:3 21.10 1 
Arachidic C 20:0 1.00 r 1 
Behenic C 22:0 2.70 1 




Mean Range Number 
Weight (mg) 42 31 -52 182 
frl'.ff 
Dry matter 896.5 885.0 - 903.0 12 
Protein 246.4 217.0 - 276.0 199 
Ash 37.8 32.5- 45.0 8 
Fat 9.6 6.3-11.7 9 
Fibre 32.3 19.6- 42.5 6 
Calcium 0.9 0.3-1.8 11 
Magnesium 1.7 1.4- 2.0 4 
Phosphorus 6.0 4.0-11.1 11 
Potassium 5.3 3.7 - 9.6 4 
Sodium < 0.1 <0.1-0.1 4 
Sulphur 1.8 1.8- 1.9 3 
~ iJJ~.-- 
Copper 5.6 4.9-6.6 3 
Iron 65.9 43.0-92.0 4 
Manganese 16.3 12.0 - 20.0 3 
Zinc 29.3 28.0- 32.0 3 
Oligosaccharides* % 3.67 3.40-4.00 3 
Phytate % 1.09 1.04-1.18 3 
Tannins (Total) % 0.72 0.66-0.80 3 
Tannins (Cond) % 0.47 0.22-0.67 3 
TIA mg/g 2.73 0.75-4.10 10 
CTIA mg/g 1.19 1.12-1.26 2 
• Sum of raffinose, stachyose and verbascose. 
GE MJ/kg 16.7 16.5 - 16.9 5 
DE Pigs MJ/kg 13.0 1 
-iJ..11,.-i·,- 
Alanine 1.03 4.21 3.92- 4.52 12 
Arginine 1.68 6.92 5.85- 7.32 12 
Aspartic acid 2.81 11.51 10.86 - 12.15 12 
Cystine 0.19 0.78 0.59-0.94 11 
Glutamic acid 4.26 17.42 16.25 - 18.61 12 
Glycine 0.94 3.85 3.59- 4.05 12 
Histidine 0.70 2.85 2.74- 3.04 12 
lsoleucine 1.02 4.18 3.98- 4.36 12 
Leucine 2.00 8.17 7.38 - 8.58 12 
Lysine 1.68 6.85 6.13-7.51 12 
Methionine 0.35 1.44 0.92-1.77 12 
Phenylalanine 1.47 5.99 5.45-6.32 12 
Pro line 1.07 4.37 3.85-5.61 12 
Serine 1.30 5.36 4.88-6.01 12 
Threonine 0.84 3.42 3.20-3.58 12 
Tyrosine 0.74 3.01 2.74- 3.21 12 
Valine 1.24 5.06 4.84- 5.46 12 
Cys + Met 0.55 2.24 1.56 - 2.71 11 
Tyr + Phe 2.20 9.04 8.71-9.43 12 
Black Mung bean 
Vignamungo 
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Mean Range Number 
Weight (mg) 43 24- 71 652 
fll'.ff 
Dry matter 910.5 898.0 - 921.0 21 
Protein 259.4 228.6 - 287.8 690 
Ash 36.4 34.0- 40.2 13 
Fat 8.2 7.0- 9.2 13 
Fibre 37.8 34.0-42.0 13 
Calcium 1.0 0.8- 1.3 20 
Magnesium 1.8 1.7-1.8 7 
Phosphorus 7.2 4.4 - 12.8 20 
Potassium 4.1 4.0-4.2 7 
Sodium < 0.1 <0.1-<0.1 7 
Sulphur 2.0 1.9- 2.0 7 
lrl'.ff 
Copper 7.2 6.8-8.2 7 
Iron 48.8 48.0-52.0 7 
Manganese 12.3 12.0 - 13.0 7 
Zinc 31.5 30.0- 32.0 7 
Oligosaccharides* % 4.32 3.70-4.80 7 
Phytate % 1.22 1.10- 1.32 7 
Tannins (Total} % 0.83 0.130- 0.85 7 
Tannins (Cond) % 0.22 0.21 - 0.23 7 
TIA mg/g 1.86 0.76- 3.30 26 
CTIA mg/g n.d 3 
• Sum of raftinose, stachyose and verbascose. 
GE MJ/kg 17.0 16.9- 17.2 12 
DE Pigs MJ/kg 16.0 1 
ME Sheep MJ/kg 12.0 1 
141,(144·1 -..mm 
Alanine 1.08 4.24 3.99-4.36 20 
Arginine 1.86 7.31 6.79- 7.90 20 
Aspartic acid 2.96 11.60 11 .25 - 11.88 20 
Cystine 0.20 0.78 0.69-0.90 20 
Glutamic acid 4.53 17.80 17.07 - 18.62 20 
Glycine 0.99 3.88 3.67-4.07 20 
Histidine 0.71 2.78 2.62- 2.91 20 
lsoleucine 1.06 4.18 3.90-4.39 20 
Leucine 2.08 8.15 7.73-8.41 20 
Lysine 1.77 6.98 6.51 - 7.39 20 
Methionine 0.35 1.40 1.27 - 1.51 20 
Phenylalanine 1.53 6.04 5.80-6.22 20 
Praline 1.05 4.12 3.71 - 4.58 20 
Serine 1.39 5.42 5.12- 5.85 20 
Threonine 0.87 3.38 3.18 - 3.59 20 
Tyrosine 0.78 3.00 2.62-3.18 20 
Valine 1.28 5.08 4.84- 5.31 20 
Cys + Met 0.55 2.18 1.97 - 2.31 20 
Tyr + Phe 2.30 9.04 8.69-9.39 20 
Green Mung bean 
Vigna radiata 
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Mean Range Number 
"'·" 
Dry matter 899.4 899.0 - 900.0 6 
Protein 245.7 211.0 - 266.0 26 
Fat 9.0 1 
Calcium 0.6 0.4- 0.7 5 
Magnesium 2.0 1.7-2.2 5 
Phosphorus 6.9 3.6-12.7 15 
Potassium 9.0 4.0- 15.0 10 
Sodium < 0.1 <0.1-0.1 5 
Sulphur 1.9 1.7-2.1 5 
Mui·& 
Copper 7.9 6.3-9.1 5 
Iron 58.6 52.0- 64.0 5 
Manganese 13.8 12.0-15.0 5 
Zinc 37.0 36.0-38.0 5 
Oligosaccharides* % 5.58 5.20-6.30 5 
Phytate % 1.23 1.07-1.33 5 
Tannins (Total) % 0.9 0.3-1.5 5 
Tannins (Cond) % 0.9 n.d. - 2.6 5 
TIA mg/g 5.1 2.5-9.4 18 
CTIA mg/g 1.1 1 
• Sum of raffinose, stachyose and verbascose. 
DE Pigs MJ/kg 14.0 1 
_,, •. ,nl- 
Alanine 0.96 4.06 3.98-4.22 5 
Arginine 1.73 7.40 6.60- 7.92 5 
Aspartic acid 2.66 11.41 11.00-11.65 5 
Cystine 0.25 1.02 0.95-1.13 5 
Glutamic acid 4.12 17.60 16.90- 18.11 5 
Glycine 0.92 3.95 3.85-4.06 5 
Histidine 0.69 2.97 2.84- 3.07 5 
lsoleucine 0.91 3.85 3.76- 3.94 5 
Leucine 1.81 7.72 7.51 - 7.88 5 
Lysine 1.59 6.76 6.65-6.84 5 
Methionine 0.32 1.39 1.19 - 1.52 5 
Phenylalanine 1.29 5.51 5.48-5.52 5 
Praline 0.88 3.71 3.61 -3.90 5 
Serine 1.25 5.34 5.08- 5.47 5 
Threonine 0.89 3.77 3.42-3.90 5 
Tryptophan 0.25 1.19 1.19-1.19 1 
Tyrosine 0.69 2.96 2.75 - 3.23 5 
Valine 1.09 4.51 4.38-4.65 5 
Cys + Met 0.59 2.47 2.28- 2.65 5 




Mean Range Total Mean Range Total 
CANAVALIA ENSIFORMIS PHASEOLUS ELEGANS 
Protein g/kg 201.7 AIA AIU/g 20800 
AIA AIU/g n.d. 
PHASEOLUS HELVOLUS 
CASTANOSPERMUM AUSTRALE Protein g/kg 120.0 
Protein g/kg 60.7 AIA AIU/g n.d. 
AIA AIU/g n.d. PHASEOLUSLEUCANTHUS 
CYAMOPSIS TETRAGONOLOBA Protein g/kg 186.9 
Protein g/kg 98.6 79.6- 124.7 3 AIA AIU/g n.d. 
AIA AUl/g 10.2 6.1-15.4 3 PHASEOLUS PENDUNCULARIS 
LATHYRUS APHACA AIA AIU/g n.d. 
Protein g/kg 272.0 PHASEOLUS PILOSUS 
LATHYRUS CICERA Protein g/kg 123.5 
Weight (mg) 77 63-90 48 AIA AIU/g n.d. 
Dry matter g/kg 894.0 884.0 - 908.0 18 PHASEOLUS RACARDIANIS 
Protein g/kg 241.0 210.0 - 279.0 18 AIA AIU/g 354 
ODAP g/kg 1.2 < 0.1 -3.0 120 
PHASEOLUS SCHOTTI 
LATHYRUS CLYMENUM Protein g/kg 13.4 
Protein g/kg 271.3 263.7 - 279.3 3 AIA AIU/g n.d. 
LATHYRUS OCHRUS PSOPHOCARPUS TETRAGONOLOBA 
Dry matter g/kg 899.0 895.0 - 912.0 23 AIA AIU/g n.d. 
Protein g/kg 250.0 195.0 - 254.0 74 
SESBANIA GRANDIFLORA 
LATHYRUS SATIVUS Protein g/kg 209.7 
Weight (mg) 85 58 - 119 33 AIA AIU/g n.d. 
Dry matter g/kg 899.0 895.0 - 912.0 18 
Protein g/kg 273.0 211.0 - 356.0 59 SESBANIA SESBAN 
ODAP g/kg 4.8 3.0- 7.0 280 Protein g/kg 260.7 
AIA AIU/g n.d. 2 
LUPINUS HARTWEIGII 
Arginine 1.80 6.40 TRIGONELLA FOENUMGRAECUM 
Cystine 0.41 1.44 Protein g/kg 272.1 257.5 - 295.0 7 
lsoleucine 1.02 3.62 VICIA ARTICULATA 
Leucine 1.65 5.86 Weight (mg) 50 44-54 4 
Lysine 1.42 5.06 Protein g/kg 231.7 215.4 - 260.0 8 
Methionine 0.15 0.54 
Phenylalanine 0.81 2.88 VICIA ATROPURPUREA 
Threonine 0.94 3.33 Protein g/kg 357.9 334.6 - 387.7 3 
Tryptophan 0.38 1.34 
Valine 0.88 3.13 VICIA HYBRIDA 
Cys + Met 0.56 1.98 Protein g/kg 325.6 302.3 - 349.2 3 
VIGNA LANCEOLATA 
MACROTYLOMA UNIFLORUM 
Protein g/kg 59.0 Weight (mg) 21 18-29 10 
Dry matter g/kg 864.0 860.0 - 890.0 10 AIA AIU/g n.d. 
Protein 221.2 187.3 - 252.5 11 VIGNA SUBLOBATA 
Ash 29.4 19.8 - 50.9 4 Protein g/kg 96.0 
Phosphorus 2.8 2.7-3.1 6 AIA AIU/g n.d. 
AIA AIU/g n.d. 
VIGNA TRILOBATA 
MUCUNA SPECIES Protein g/kg 834.0 
Protein g/kg 165.0 AIA AIU/g n.d. 
AIA AIU/g n.d. 
VIGNA UMBELLATA 
PHASEOLUS ACUTIFOLIUS Protein g/kg 71.0 53.0-93.0 6 
Protein g/kg 138.0 AIA AIU/g 3.0 n.d. - 7.7 5 
AIA AIU/g n.d. TIA mg/g 4.7 1.6-9.5 24 
PHASEOLUS COCCINEUS VIGNA VEXILLATA 
Protein g/kg 200.0 Protein g/kg 78.4 
AIA AIU/g 4790 AIA AIU/g n.d. 
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